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STORM  DRAIN  5  (SD-5)  PLUME  CONTAINMENT  SYSTEM 
GROUNDWATER  MODELING  RESULTS 

Environmental  Consulting  Engineers 


1.0  INTRODUCTION 

Tnis  report  constitutes  the  Storm  Drain  5  (SD-5)  Plume  Containment  System  (PCS) 
groundwater  modeling  results.  This  is  an  appendix  to  a  more  comprehensive  groundwater  modeling 
report  (ECE,  in  preparation),  as  input  to  the  SD-5  PCS  design.  As  such,  exhaustive  detail  is  not 
included  for  some  aspects  of  the  modeling.  Sensitivities  and  uncertainties  relative  to  the 
groundwater  modeling  results,  as  well  as  design  considerations,  are' included  to  aid  the  PCS  design 
team  in  determining  the  appropriate  safety  factors  to  be  incorporated  into  the  design.  Additionally, 
recommendations  are  made  for  the  necessary  hydrogeologic  testing  and  conceptual/numerical  model 
refinement  which  must  be  included  in  construction  activities. 

Based  on  the  recommendations  of  the  Technical  Review  and  Evaluation  Team  (TRET)  and  the 
Plume  Containment  Process  Action  Team  (PCPAT),  groundwater  modeling  efforts  were  focussed 
on  the  SD-5  and  Fuel  Spill  12  (FS-12)  (separate  report)  plume  containment  systems.  The  SD-5 
Plume  Containment  System  groundwater  modeling  efforts  documented  in  this  report  were  conducted 
between  April  9, 1996  to  June  19, 1996.  As  pan  of  the  TRET  and  PCPAT  recommendations,  several 
objectives  were  identified.  Model  development  attempted  to  satisfy  the  objectives. 

Groundwater  modeling  was  conducted  in  a  manner  to  ensure  that  stakeholder  input  was 
integral  to  the  development  of  the  final  plume  containment  design  scenario.  Many  different  plume 
containment  scenarios  were  developed  based  on  stakeholder  input  and  groundwater  modeling 
considerations.  The  performance  of  each  trial  system  (scenario)  was  then  assessed  against  the 
established  objectives.  During  this  iterative  process,  several  additional  objectives  were  identified. 

Well  locations  of  the  plume  containment  system  were  considered  established  once  objectives 
were  me:  to  stakeholder  satisfaction.  The  groundwater  modeling  efforts  then  focussed  on  system 
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optimization  and  investigation  of  the  sensitivities  and  uncertainties  inherent  in  the  groundwater 
modeling. 

All  modeling  results  included  in  this  report  are  subjeci  to  change  based  on  any  new  data  that 
may  require  an  update  or  modification  of  the  assumed  model  parameters. 


2.0  PURPOSE  AND  OBJECTIVES 

Listed  below  are  the.final  criteria  used  to,  evaluate  the  performance  of  plume  containment 
systems,  simulated  with  the  SD-5  groundwater  models,  in  order  of  importance. 

Maximize  capture  of  the  SD-5  Plume  with  emphasis  on  areas  of  high  contamination. 

Minimize  impact  of  the  system  on  the  flux  of  groundwater  to  Ashumet  Pond  and  Johns  Pond. 

Minimize  disturbance  of  the  Western  Aquafarm  (WA)  and  Petroleum  Fuel  Storage  Area 
(PFSA)  Plumes. 

Minimize  drawdown  and  mounding  due  to  extracted  and  injected  water. 

Facilitate  constructability  and  minimize  impact  to  existing  land  use  areas  outside  the  MMR 

boundaries. 

Minimize  recirculation  of  treated  water  from  injection  to  extraction  wells. 

Minimize  pumping  rates.  .- 
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The  primary  modeling  objective  was  to  balance  the  above  criteria  to  a  degree  acceptable  by 
all  stakeholders.  It  should  be  noted  that  some  of  these  objectives  are  conflicting  and  that  an 
acceptable  balance  was  accomplished  through  the  iterative  process. 
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3.0  ASSUMPTIONS  AND  MODEL  PARAMETERS 

Assumptions  are  necessarily  inherent  in  groundwater  modeling.  For  the  purpose  of  this  report, 
the  assumptions  and  model  parameters  are  divided  into  two  categories  as  they  relate  to  either 
1)  groundwater  flow  or  2)  contaminant  transport.  The  assumptions  used  for  the  groundwater 
modeling  have  been  discussed  and  acknowledged  by  both  the  PCPAT  and  TRET.  The  assumptions 
for  each  of  these  categories  are  delineated  below. 

3.1     GROUNDWATER  FLOW 

It  has  been  assumed  that  a  saturated  steady-state  groundwater  model  is  capable  of  adequately 
approximating  groundwater  flow  for  the  SD-5  PCS  design  support  The  groundwater  modeling  code 
FRAC3DVS  (Therrien,  R.  et  al.,  1994)  has  been  implemented  for  the  groundwater  flow  modeling. 
Other  groundwater  flow  modeling  assumptions  are  tied  to  either  physical  parameters  or  to  the 
conceptual  understanding  of  the  flow  mechanisms  in  the  vicinity  of  SD-5.  The  most  important 
physical  parameters  are  the  hydraulic  conductivity  field  (K-field)  and  aquifer  recharge,  and  to  a 
lesser  extent,  porosity.  There  is  an  inherent  balance  between  recharge  and  the  aquifer  K-field.  In 
general,  a  higher  K-field  requires  higher  recharge  to  obtain  calibration  in  a  groundwater  model.  Tne 
primary  groundwater  flow  modeling  assumptions  used  for  the  SD-5  plume  containment  design 
support  are  delineated  below. 

Hydra  uJic  Con ductivity 

Tnere  are  two  K-fields  that  have  been  used  for  the  SD-5  plume  containment  modeling.  One 
K-field  was  deveioued  bv  ECE  based  on  aauifer  testins  data,  and  the  other  K-field  was  develooed 
by  the  United  Stated  Geological  Survey  (USGS)  for  their  Western  Cape  Cod  (WCC)  groundwater 
model.  These  two  K-fields  are  termed  ECE  Defined  and  USGS  Defined.  A  detailed  description  of 
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the  ECE  Denned  K-5eid  is  presented  in  the  main  report  (ECE,  in  prep.)  and  has  changed  little  since 
it  was  first  resorted  in  the  MMR  Plume  Containment  System  60%  Design,  Massachusetts  Military 
Reservation  Cape  Cod,  Massachusetts  (Operational  Technologies,  1996).  The  ECE  Defined  K-field 
is  based  on  a  dual  asymptotic  function  of  K  varying  with  elevation  that  was  formulated  from  aquifer 
pump  test  and  slug  test  results.  In  the  vicinity  of  the  SD-5  plume,  the  ECE  Defined  K-field  within 
the  aquifer  has  values  ranging  from  483  ft/day  near  the  surface  to  19.5  ft/day  near  the  bottom  of  the 
aquifer,  with  a  bulk  average  of  13 1  ft/day.  A  vertical  anisotropy  ratio  of  5  to  1  was  used  for  the  ECE 
Defined  K-field. 

Tne  USGS  Defined  K-field  is  based  on  extensive  analysis  of  hydiostratigraphic  data.  In  the 
vicinity  of  the  SD-5  plume,  the  USGS  Denned  K-field  within  the  aquifer  has  values  ranging  from 
350  ft/day  near  the  surface  to  10  ft/day  near  the  bottom  of  the  aquifer,  with  a  bulk  average  of 
143  ft/day.  The  vertical  anisotropy  ratio  used  for  the  USGS  Defined  K-field  was  that  reported  in  the 
USGS  WCC  modeling  report  (Masterson  et.  aL  1996).  It  was  initially  assumed  that  uncertainty  in 
the  K-field  could  be  addressed  by  using  both  of  these  K-fields  for  the  PCS  modeling.  However,  the 
ECE  Defined  and  the  USGS  Defined  K-fields  are  not  significantly  different  numerically,  and  there 
are  not  any  significant  hydrostratigraphic  boundaries  in  the  vicinity  of  the  SD-5  plume.  Thus,  only 
part  of  theSD-5  modeling  actually  used  the  USGS  K-fielcL  Rather,  it  was  assumed  that  using  scalar 
multiples  of  the  ECE  Defined  K-field  would  better  address  uncertainties  in  the  K-Seid  by  providing 
a  larger  ran^e  of  variation.  Thus,  it  was  assumed  that  scalar  multiples  ranging  from  70%  to  130% 
of  the  ECE  Defined  K-field  would  sufficiently  address  uncertainties  in  the  K-field  in  the  vicinity  of 
the  SD-5  plume. 

Recharge 

Using  the  above  K-fields,  certain  aquifer  recharge  values  are  required  to  obtain  acceptable 
model  calibration.  Recharge  values  from  27  to  29  inches  per  year  are  required  to  produce  a 
calibrated  model  for  the  ECE  Denned  K-field.  This  range  is  dependent  on  the  methodology  used 
for  simulating  the  ground  water/surface  water  interaction  (discussed  below).  As  with  the  K-field,  it 
was  assumed  that  recharge  values  ranging  from  70%  to  130%  of  the  calibrated  value  would 
adequately  address  sensitivity/uncertainty  in  recharge  values  for  the  plume  containment  design. 
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Porosity 

A  35%  porosity  was  used  for  all  SD-5  plume  containment  modeling. 

Croundwater/Surface  Water  Interaction 

The  conceptual  flow  mechanism  which  has  the  greatest  impact  on  the  plume  containment 
design  is  related  to  the  groundwater/surface  water  interaction  at  Ashumet  and  Johns  ponds.  The 
most  appropriate  method  for  simulating  groundwater/surface  water  interaction  is  a  coupled 
groundwater/surface  water  model.  However,  for  the  purposes  of  the  SD-5  plume  containment 
design,  it  was  assumed  that  simulating  the  ponds  in  a  groundwater  model  is  sufficient. 

There  are  two  methods  which  have  been  implemented  for  specifying  the  surface  water  bodies 
in  the  groundwater  model.  One  method  consists  of  specifying  the  ponds  as  constant  head  boundary 
conditions  within  the  groundwater  model.  The  other  method  consists  of  specifying  the  ponds  as 
regions  of  high-K.  It  was  assumed  that  a  reasonable  strategy  for'  investigating  the 
sensitivity/uncertainty  in  the  groundwater/surface  water  interaction  was  to  conduct  the  SD-5  plume 
containment  groundwater  modeling  using  both  the  constant  head  and  the  high-K  approach. 

3.2    CONTAMINANT  TRANSPORT 

There  are  many  assumptions  associated  with  simulating  the  movement  of  contaminants.  It  has 
been  assumed  that  the  use  of  particle  tracking  is  sufficient  for  the  plume  containment  design  and  that 
the  time  and  expense  associated  with  formal  contaminant  transport  modeling  is  not  warranted.  The 
assumptions  inherent  in  the  use  of  the  particle  tracking  methodology  for  simulating  the  movement 
of  contaminants  are  delineated  below. 

Dilution/attenuation  is  not  a  critical  factor  of  the  containment  design. 

There  is  not  a  continuous  source  of  contaminants  which  introduces  additional  contaminants 
into  the  system  during  the  course  of  the  plume  containment  operations. 
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Each  particle  is  representative  of  a  volume  of  contaminated  water,  and  this  volume  moves 
through  the  system  with  the  particle. 

Each  particle  is  representative  of  a  mass  of  chlorinated  volatile  organic  compounds  (VOC),  and 
this  mass  moves  through  the  system  with  the  particle. 

The  chlorinated  VOC  plume,  as  delineated  in  the  MMR  Plume  Containment  Data  Gap  Field 
Work  Technical  Memorandum  (Operational  Technologies  Corporation,  1996),  was  the  plume 
represented  by  particle  seeds. 

The  longitudinal,  transverse,  and  vertical  dispersivity  terms  are  3.0  ft,  3.0  ft,  and  0.01  ft, 
respectively.  Values  ranging  from  0.0,0.0,0.0  to  10.0,10.0,0.01  were  initially  tested  and  it  was 
found  from  source  area  seeding  and  plume  development  modeling  that  these  values  enabled 
the  plume  shape  and  concentrations  to  develop  properly. 


4.0  GROUNDWATER  MODELS 

There  are  two  separate  groundwater  flow  models  used  for  the  SD-5  Plume  Containment 
modeling.  These  models  are  termed  the  "Constant  Head  Model"  and  the  "High-K  Box  Model".  The 
two  models  differ  in  both  their  lateral  extents  and  the  method  in  which  groundwater/surface  water 
interaction  is  simulated.  The  lateral  (plan  view)  extents  of  the  two  models  are  shown  in  Attachment 
A.  Scenario  modeling  and  a  brief  description  of  each  of  the  two  models  are  presented  below. 

4.1     CONSTANT  HEAD  MODEL 

The  Constant  Head  Model  is  similar  in  all  aspects  to  the  groundwater  model  presented  for  the 
MMR  Plume  Containment  60%  Design  Document  except  for  discretization,  which  has  been  refined 
for  the  SD-5  efforts.  The  SD-5  Constant  Head  Model  has  lateral  discretization  of  10  ft  on  a  side  in 
the  areas  of  the  plume.  This  model  used  the  constant  head  pond  approach.  Specifics  for  this  model 
including  the   model  grid,  calibration,  steady-state  water  table  plots,  etc.   are  presented  in 
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Each  panicle  is  representative  of  a  volume  of  contaminated  water,  and  this  volume  moves 
through  the  system  with  the  particle. 

Each  particle  is  representative  of  a  mass  of  chlorinated  volatile  organic  compounds  (VOC),  and 
this  mass  moves  through  the  system  with  the  particle. 

Tne  chlorinated  VOC  plume,  as  delineated  in  the  MMR  Plume  Containment  Data  Gap  Field 
Work  Technical  Memorandum  (Operational  Technologies  Corporation,  1996),  was  the  plume 
represented  by  particle  setds. 

The  longitudinal,  transverse,  and  vertical  dispersivity  terms  are  3.0  ft,  3.0  ft,  and  0.01  ft. 
respectively.  Values  ranging  from  0.0,0.0.0.0  to  10.0,10.0.0.01  were  initially  tested  for  plume 
development  modeling.  This  testing  showed  that  values  of  3.0,  3.0,  and  0.01  ft.  best  allowed 
the  SD-5  plume  to  develop  properly. 


4.0  GROUNDWATER  MODELS 

i 

There  are  two  separate  groundwater  flow  models  used  for  the  SD-5  Plume  Containment 
modeling.  These  models  are  termed  the  "Constant  Head  Model"  and  the  "High-K  Box  Model".  Tne 
two  models  differ  in  both  their  lateral  extents  and  the  method  in  which  groundwater/surface  water 
interaction  is  simulated.  Tne  lateral  (plan  view)  extents  of  the  two  models  are  shown  in  Attachment 
A.  Scenario  modeling  and  a  brief  description  of  each  of  the  two  models  are  presented  below. 

4.1     CONSTANT  HEAD  MODEL 

Tne  Constant  Head  Model  is  similar  in  all  aspects  to  the  groundwater  model  presented  for  the 
MMR  Plume  Containment  60%  Design  Document  except  for  discretization,  which  has  been  refined 
for  the  SD-5  efforts.  Tne  SD-5  Constant  Head  Model  has  lateral  discretization  of  10  ft  on  a  side  in 
the  areas  of  the  plume.  Tnis  model  used  the  constant  head  pond  approach.  Specifics  for  this  model 
including  the  model  grid,  calibration,  steady-state  water  table  plots,   etc.   are  presented  in 
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Attachment  A.  As  an  additional  calibration  check,  the  SD-5  plume  was  seeded  near  the  source  area 
and  the  panicle  locations  were  tracked  through  time.  Graphical  illustrations  of  these  plots  ars 
included  in  Attachment  A. 

For  a  "closed"  type  system  such  as  the  SD-5  PCS  where  extraction  and  injection  is 
simultaneous  and  adjacent  to  one  another,  there  are  several  advantages  to  using  the  constant  head 
approach.  This  approach  is  generally  sufficient  to  examine  plume  capture  and  other  phenomena 
local  to  extraction  and  injection.  This  approach  also  has  shorter  model  run  times,  is  more 
numerically  stable,  and  allows  for  coarser  discretization  which  enhances  modeling  efficiency.  The 
primary  effect  of  this  approach  is  that  flow  of  groundwater  to  the  ponds  has  a  significant  vertical 
component.  Disadvantages  with  this  approach  pertain  to  simulating  surface  water  bodies  with 
potentially  infinite  sources/sinks  of  water. 

4.2    HIGH-K  BOX  MODEL 

The  Hish-K  Box  Model  uses  the  high-K  pond  specification  approach.  The  boundaries  were 
located  such  that  under 'pumping  conditions,  boundary  effects  would  not  impact  the  pumping 
scenarios."  For  this  box  model,  the  boundaries  were  specified  as  constant  head  conditions  with  the 
head  values  based  on  the  1993  USGS  Water  Level  Contour  Map.  Attachment  A  contains  specific 
details  for  the  steady-state  model  (baseline  no-pumping  case)  including  the  model  grid,  calibration 
information,  steady-state  water  table  plots,  etc.  As  an  additional  calibration  check,  the  SD-5  plume 
was  seeded  near  the  source  area  and  the  particle  locations  were  tracked  through  time.  Graphical 
illustrations  of  these  model  runs  are  included  in  Attachment  A. 

The  advantages  to  using  the  high-K  approach  to  pond  specification  is  better  simulation  of  the 
flow  to  and  through  surface  water  bodies.  This  approach  assumes  that  surface  water  flow  can  be 
approximated  by  a  high  K  porous  media.  This  approach  produces  more  lateral  flow  to  and  from  the 
ponds  relative  to  the  constant  head  approach.  Disadvantages  associated  with  the  high-K  approach 
relate  to  model  stability,  longer  run  times,  and  finer  discretization  requirements. 
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5.0  WELL  CONFIGURATION  SCENARIOS 

In  developing  the  SD-5  plume  containment  design,  eight  unique  well  configuration  scenarios 
were  developed,  modeled,  and  evaluated.  The  well  configuration  modeling  used  the  Constant  Head 
Model.  Each  well  configuration  scenario  is  defined  as  a  particular  set  of  extraction  and  injection 
well  locations.  A  particular  scenario  may  have  been  used  for  a  single  model  run  or  multiple  model 
runs.  This  iterative  process  had  a  high-level  of  PCPAT,  TRET,  and  other  stakeholder  involvement- 
Stakeholders  have  expressed  satisfaction  that  the  final  well  configuration  (Scenario  8)  achieves  an 
acceptable  balance  of  the  identified  objectives. 

The  3-dimensional  particle  seeding  scheme  used  during  well  configuration  scenario  modeling 
was  refined  during  the  interactive  process.  Initially  (Scenarios  1-3),  particles  were  seeded  based  on 
finite-difference  cells.  For  this  case,  a  single  particle  was  placed  at  the  centroid  of  each  finite- 
difference  cell  located  inside  the  5.0  ppb  Chlorinated  VOC  plume  boundary  as  defined  in  the  Data 
Gap  Field  Work  Technical  Memorandum  (Operational  Technologies  Corporation,  1996).  Tne 
particle  seeding  scheme  was  modified  for  Scenarios  4-6  such  that  particles  were  spaced  uniformly 
within  the  plume  boundary,  independent  of  the  finite-difference  cells.  This  seeding  scheme  results 
in  each  particle  representing  a  volume  of  25,000  ft3. 

Attachment  B  contains  the  groundwater  modeling  information  and  results  for  each  of  the  well 
configuration  scenarios.  A  brief  summary  of  the  materials  included  in  Attachment  B  follows. 

Scenario  Maps:  Six  maps  showing  the  schematic  diagrams  of  Scenarios  1-6. 
Run  Summaries:  Summary  results  of  the  Scenarios  1-6  model  runs. 

Graphics:  For  the  first  4  scenarios,  few  graphics  were  generated  and  results  were  presented 
in  tabular  form.  For  Scenario  5  and  6,  graphics  generally  included  a  well  location  map,  water 
table  plots,  and  drawdown/mounding  plots  (difference  in  the  water  table  under  pumping 
conditions  from  the  steady-state  condition).  Note  that  the  extent  that  post-processing  and 
evaluation  of  results  varied  from  scenario  to  scenario  depending  on  the  emphasis  of 
stakeholder  concerns.   In  addition,   new  graphical  tools  were  developed  concurrently  with 
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scenario  deveiooment  and  evaluation-  Thus,  the  graphics  contained  in  Attachment  B  are  not 
consistent  from  scenario  to  scenario  but  are  included  for  completeness. 


6.0  REFINEMENT  AND  OPTIMIZATION  OF 
CONTAINMENT  SYSTEM 

Once  an  acceotable  well  configuration  was  achieved,  which  met  the  objectives  and  approval 
of  the  stakeholders,  well  locations  were  considered  final  and  system  optimization  was  conducted. 
The  objectives  of  system  optimization  were  to  further  improve  system  performance  by  modifying 
individual  pumping  rates  on  a  well  by  well  basis.  Both  the  Constant  Head  and  the  High-K  Box 
Model  were  used  during  the  containment  system  optimization.  Initial  optimization  was  conducted 
using  the  Constant  Head  Model.  Following  optimization  using  the  Constant  Head  Model,  the  system 
was  then  optimized  using  the  High-K  Box  Model.  The  purpose  of  using  both  models  was  to 
ascertain  the  impact  of  the  two  approaches  on  the  predicted  PCS  performance. 

The  particle  seeding  scheme  was  further  modified  for  the  optimization  modeling.  Contaminant 
mass  attribv.*.es  were  associated  with  each  particle  using  3-dimensional  5.0  ppb,  10  ppb,  and  100  ppb 
chlorinated  VOC  isoconcentration  contours  derived  from  the  plan  view  map  and  cross  sections 
presented  in  the  Data  Gap  Field  Work  Technical  Memorandum  (Operational  Technologies 
Corporation,  1996).  Tne  resulting  particle  seed  configuration  resembled  several  lumpy-concentric- 
oblate  spheroids  (shells  within  shells).  Two  different  strategies  were  employed  to  associate  the 
contaminant  mass  with  each  panicle.  The  first  is  termed  "Lower  Bound"  and  is  the  least 
conservative  approach  whereas  the  second,  termed  "Upper  Bound",  represents  the  most  conservative 
approach.  These  particle  weighting  schemes  are  explained  below. 
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Scheme 

Isoconcentrarion 
Contours 

Assigned  Concentration 
(ppb) 

Assigned  Mass 
"W) 

Lower  Bound 

5.0  ppb  to  10  ppb 

5.0 

1.24 

lOppb  to  100  ppb 

10 

2.47 

>  100  ppb 

100 

24.78 

Upper  Bound 

5.0  ppb  to  10  ppb 

10 

2.47 

10  ppb  to  100  ppb 

100 

24.78 

>  100  ppb 

1000 

247.8 

The  final  optimized  system  is  presented  based  on  the  high-K  box  model  which  required  slightlv 
lower  pumping  rates  than  the  constant  head  model.  This  as  well  as  the  other  optimization  modeling 
information  is  presented  in  Attachment  C.  Attachment  C  contains  run  summary  sheets  and  graphics 
associated  with  the  optimization  modeling.  These  are  presented  on  a  run  by  run  basis.  Note  that  the 
extent  that  each  of  the  runs  were  post-processed  and  the  results  evaluated  varied  from  run  to  run 
(i.e.,  if  unfavorable  results  were  obtained,  former  post-processing  and  evaluation  efforts  were  not 
expended).  Thus,  the  run  summaries  and  graphics  are  not  consistent  from  one  model  run  to  another. 
Existing  information  has  been  included  for  completeness. 


7.0   FINAL  PUMPING  SYSTEM  COMPARED  TO  OBJECTIVES 

Tne  final  modeled  SD-5  PCS  performance  was  compared  to  the  evaluation  criteria.  Each  of 
the  evaluation  criteria  and  the  modeled  performance  is  addressed  below.  Attachment  D  contains 
information  on  the  final  SD-5  PCS  modeling.  Specifically,  Attachment  D  contains  modeling  run 
summary  information,  well  locations,  well  screen  intervals,  and  associated  graphics.  Tne  modeling 
results  as  related  to  the  modeling  objectives  are  discussed  below. 
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7.1     MAXIMIZE  CAPTURE  Of  THE  SD-5  PLUME  WITH  EMPHASIS  ON  AREAS  OF 
HIGH  CONTAMINATION 

Variability  in  both  volume  and  mass  capture  between  the  Constant  Head  Model  and  the 
High-K  Box  Model  are  shown  below.  Note  that  the  High-K  Box  Model  achieves  better  calibration 
than  the  Constant  Head  Model.  Trie  better  calibration  results  in  better  plume  tracking  and  capture. 


Mode! 


Volume 
Caotured 


High-K  Box  Model 

Constant  Head 
Model 


98.93% 


Total  Mass  Capture 


Lower  Bound     Upper  Bound 


98.60% 


88.19%  -       83.76% 


98.51% 
82.51% 


Chlorinated  VOC  Mass  Capture 
Bv  Concentration  Zone 


ilOOppb  lOOtolOppb       10to5ppb 


98.28% 
79-31% 


98.84% 
86.83% 


99.07% 
90.29% 


*  Chlorinated  VOC  isoconcentration  contours  as  presented  in  the  Data  Gap  Field  Work  Technical  Memorandum 
(Operational  Technologies  Corporation,  1996).  :         :    .  :' 

7.2  MINIMIZE  IMPACT  ON  THE  FLUX  OF  WATER  THROUGH  ASHUMET  POND 

Modeling  has  indicated  no  significant  impact  on  either  Pond.  This  is  expected  due  to  the 
.  closed  nature  of  die  SD-5  PCS  and  its  distance  from  the  ponds. 

7.3  MINIMIZE  DISTURBANCE  OF  THE  WA  AND  PFSA  PLUMES 

Due  to  the  proximitv  of  the  WA  Plume  in  areal  and  vertical  space,  it  was  significantly  impacted 
by  all  SD-5  PCS  Scenarios.  Tne  final  model  runs  indicate  a  60  to  70%  of  the  WA  volume  is 
caotured  bv  SD-5  Scenario  6.  There  has  been  no  observed  dispersal  or  spreading  of  the  WA  Plume 
from  any  of  the  modeling  runs. 

None  of  the  well  configuration  scenarios  or  any  of  the  optimization  modeling  have  shown  any 
substantial  impact  on  the  PFSA  Plume.  The  only  impact  observed  with  any  modeling  run  is  to 
capture  a  small  portion  (<  4%  by  volume)  of  the  PFSA  Plume"  There  has  been  no  significant 
modeled  disoersal  or  spreading  of  the  PFSA  plume  as  a  result  of  the  SD-5  PCS. 
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7.4  FACILITATE  CONSTRUCTABIUTY  AND  MINIMIZE  IMPACT  TO  EXISTING  LAND 
USES 

Efforts  were  made  during  the  development  of  the  various  well  configuration  scenarios  for 
acceptable  constructability  and  land  use  impact.  Efforts  were  made  to  locate  extraction  and  injection 
wells  near  existing  roadways  and  away  from  the  residential  areas  near  Ashumet  and  Johns  Pond,  as 
well  as  the  MMR  flight  line  area.  Stakeholder  input  and  acceptance  was  critical  in  obtaining  the 
final  well  configuration  scenario. 

7.5  MINIMIZE  RECIRCULATION  OF  TREATED  WATER 

Groundwater  modeling  has  shown  that  for  the  optimized  scenario,  less  than  2%  Of  treated  water 
that  has  been  injected  recirculates  back  to  an  extraction  well.  This  is  due  in  part  to  the  physical 
setting  but  primarily  due  to  the  offset  in  extraction  and  injection  well  screen  intervals.  Furthermore, 
testing  was  conducted  to  determine  the  quantity  of  contaminated  water  pumped  verses  total  water 
pumped  for  several  different  time  periods.  The  figure  titled  "Makeup  of  Pumped  Water  vs.  Time" 
shown  in  Attachment  D  illustrates  this  relationship. 

7.6  MINIMIZE  PUMPING  RATES 

The  process  of  minimizing  pumping  rates  has  been  conducted  to  some  extent.  However,  to 
acceptably  meet  the  other  criteria,  the  reported  pumping  rates  are  required.  To  illustrate  this,  the 
Pumping  Efficiency  Curves  shown  in  Attachment  D  show  how  the  various  evaluation  criteria  change 
with  pumping  rate.  For  instance  in  Attachment  D,  it  can  be  readily  seen  how  volume  and  mass 
capture  change  with  a  change  in  pumping  rate.  This  type  of  analysis  is  the  extent  to  which  pumping 
rates  rninimization  was  attempted.  Further  optimization  and  minimization  of  pumping  rates  should 
be  conducted  during  the  implementation  and  construction  of  the  system  when  more  information 
becomes  available. 
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8.0  SENSITIVITY  ANALYSIS 

When  the  SD-5  PCS  pumping  strategy  was  finalized,  modeling  analysis  of  the  sensitivity  of 
the  system  to  a  variety  of  conditions  was  conducted  Both  the  High-K  Box  Model  and  the  Constant 
Head  Model  were  used  for  this  analysis.  However,  emphasis  was  placed  on  the  High-K  Box  Model 
because  of  better  calibration. 

To  conduct  this  analysis,  simulations  were  performed  in  which  the  primary  parameters  K-fieid, 
recharge,  and  pumping  rates  were  systematically  varied.  The  nomenclature  used  for  the  modeling 
runs  correspond  to  percentages  of  the  calibrated  jnodel's  values  for  K-field,  recharge,  and  pumping 
rates.  For  instance  a  (70,130,100)  model  run  would  correspond  to  a  condition  of  a  70%  scalar 
multiple  of  the  K-field,  with.  130%  of  the  calibrated  recharge,  and  pumping  at  100%  of  the  final 
optimized  pumping  rate.    .  . 

Mass  carjture,  volume  capture,  and  percentage  of  treated  water  recirculating  from  injection 
wells  to  extraction  wells  was  investigated  during  this  analysis.  The  change  in  flux  through  Ashumet 
Pond  and  Johns  Pond  were  also  investigated,  no  significant  impact  from  the  SD-5  Scenario  6  system 
was  found. 

Attachment  E  presents  the  results  of  the  sensitivity  analysis  modeling  runs.  Several  tables  are 
provided  which  summarize  the  modeling  runs  under  the  various  conditions.  This  information  is  also 
presented  in  a  series  of  graphics.  Run  summaries  and  graphics  are  presented  on  a  run  by  run  basis 
for  each  of  the  modeling  runs  conducted  for  the  sensitivity  analysis. 

General  comments  regarding  the  sensitivity  analysis  are  summarized  below. 

Volume  and  mass  capture  are  strongly  dependent  on  pumping  rate.  ^ 

Volume  and  mass  capture  are  strongly  dependent  on  variations  in  the  K-field  and  recharge. 
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Pond  flux  is  strongly  independent  on  pumping  rate. 

The  percentage  of  recirculated  water  is  minimal  and  strongly  independent  of  variations  in 
pumping  rate,  K-field,  or  recharge. 

Similar  changes  in  both  the  K-field  and  recharge  do  not  significantly  impact  any  of  the 
evaluation  criteria. 


9.0  UNCERTAINTIES 

Uncertainties  in  the  groundwater  modeling  can  be  attributed  to  uncertainties  related  to  both  the 
aquifer  and  to  the  contaminant  plume.  Aquifer  related  uncertainties  arise  primarily  from  unknowns 
in  the  physical  properties  of  the  aquifer  itself  and  to  some  extent  to  uncertainties  in  the  understanding 
of  the  flow  mechanisms  within  the  aquifer.  Contaminant  plume  related  uncertainties  are  primarily 
due  to  the  definition  of  the  plume  itself.  Both  of  these  areas  of  uncertainty  are  discussed  below. 

9.1    AQUIFER 

The  inherently  sparse  nature  of  aquifer  data  specific  to  the  SD-5  site  yields  uncertainties  in 
aquifer  properties.  Localized  heterogeneities  in  hydrostratigraphy,  the  distribution  of  K,  the  vertical 
anisotropy  of  K,  and  porosity  all  can  have  potentially  adverse  impacts  on  the  plume  containment 
system.  Low-K  zones  such  as  small,  thin  confining  layers  of  fine  silts  or  clay  or  localized  pathways 
of  very  high-K  aquifer  material  are  examples  of  these  localized  heterogeneities.  Unfortunately,  the 
occurrence  of  these  localized  phenomena  is  difficult  to  detect  let  alone  estimate  their  potential 
impact.  The  modeling  parameters  used  in  the  groundwater  modeling  and  further  tested  in  the 
sensitivity  analysis  represent  a  reasonable  and  extensive  approach  to  addressing  these  uncertainties. 
However,  design  efforts  should  consider  these  uncertainties  and  make  engineering  decisions  such 
that  their  imnact  on  the  objectives  of  the  PCS  is  minimal. 
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Another  uncertainly  relating  to  the  groundwater  flow  system  pertain  to  the  groundwater/surface 
water  interaction.  The  groundwater  modeling  conducted  for  the  SD-5  PCS  and  presented  above 
show  that  there  is  substantia]  flow  of  deeper  groundwater  upward  toward  Ashumet  and  Johns  ponds. 
Both  the  Constant  Head  Model  and  the  High-K  Model  behave  in  this  manner.  These  results  are  in 
keeping  with  other  modeling  studies  such  as  those  with  the  USGS  WCC  Model  and  the  ABB 
SERGOU  Model.  There  is  some  uncertainty  of  whether  this  is  an  artifact  of  numerical  modeling  or 
an  actual  representation  of  flow  within  the  aquifer.  This  has  been  the  topic  of  much  discussion  and 
study.  The  current  conceptual  understanding,  supported  by  field  observations,  is  that  the  upward 
flow  to  the  ponds  is  indeed  an  actual  process  which  occurs  in  this  area  and  that  the  modeling 
accurately  simulates  this  process. 

Another  area  of  groundwater  flow  related  concern  is  the  long-term  viability  and  impact  of  the 
injection  of  treated  water.  These  concerns  arise  from  both  the  physical  and  the  geochemical 
perspectives.  The  physical  viability  of  the  aquifer  and  the  injection  wells  to  accept  treated  waters 
throush  time  is  an  uncertainty  that  needs  to  be  addressed.  Similarly,  potential  problems  associated 
with  the  changes  "in  aquifer  geochemistry  due  to  the  injection  of  treated  water  also  needs  to  be 
addressed."  Neither  of  these  concerns  have  been  addressed  by  the  groundwater  modeling  efforts  to 
date.  The-.overall  strategy  and  ultimate  performance  for  the  SD-5  PCS  is  highly  dependent  on  the 
ability  of  the  injection  wells  to  function  properly.  Thus,  the  design  of  the  SD-5  PCS  should  consider 
these  concerns  and  attempt  to  rmriimize  their  potential  impact. 

9.2    PLUME 

Uncertainties  pertaining  to  the  contaminant  plume  are  related  to  both  the  definition  of  the 
plume  and  to  transport  mechanisms  affecting  the  plume.  Uncertainties  related  to  the  physical  plume 
definition  arise  from  the  sparsity  and  distribution  of  data  defining  the  plume.  Additionally,  the  efforts 
documented  in  this  report  are  based  on  the  Chlorinated  VOC  plume  as  denned  in  the  Data  Gap  Field 
Work  Technical  Memorandum  (Operational  Technologies  Corporation,  1 996).  Tne  plume  definition 
is  a  result  of  both  Data  Gap  and  Remedial  Investigation  data.  Data  Gap  efforts  focussed  more  on 
the  leading  edge  and  downgraciieat  lateral  boundaries.  The  Remedial  Investigation  data  was  used 
to  completed  the  uogradient  and  internal  plume  definition.  This  results  in  a  North-South  elongated 
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plume  that  is  very  narrow  in  the  East-West  direction.  The  location  of  the  extraction/injection  fences 
is  highly  dependent  on  the  plume  definition.  Uncertainties  in  the  plume  definition  will  inherentlv 
have  significant  impact  on  the  performance  of  the  SD-5  PCS. 

There  are  also  uncertainties  attributed  to  the  contaminant  transport  processes  which  may  impact 
the  movement  of  the  plume  under  the  stresses  invoked  by  the  SD-5  PCS.  Among  the  processes 
which  have  not  been  addressed  by  these  efforts  are:  primary  and  secondary  contaminant  sources 
diffusion,  degradation  and  related  speciation,  retardation  (sorption,  desorption),  and  other 
geochemical  processes.  The  expected  impact  of  these  processes  on  the  performance  of  the  SD-5 
PCS  is  unknown.  ; 

Although  efforts  have  been  made  to  minimize  the  drawdown  and  mounding  from  the  extraction 
and  injection  well  fences,  any  continual  pumping  of  groundwater  should  consider  subsidence  as  a 
possible  consequence.  Fortunately,  anthropogenic  structures  near  the  SD-5  PCS  are  rninimal/which 
helps  mitigate  this  concern. 

AU  of  the  above  uncertainties  and  their  potential  impact  to  the  performance  of  the  SD-5  PCS 
should  be  considered  in  the  design. 


{ 


10.0  RECOMMENDATIONS 

The  scale  and  importance  of  the  MMR  plume  containment  efforts  for  the  SD-5  PCS  necessitate 
the  implementation  of  a  phased  approach  using  adaptive  management  strategies  for  construction  and 
operation.  Although  the  SD-5  PCS  is  not  of  the  scale  as  for  the  FS-12  PCS,  there  are  still  many 
variables  of  unknown  certainty.  Tne  potential  adverse  affects  upon  human  health  and  ecological 
habitats  due  to  inefficient  and/or  incomplete  performance  of  the  PCS  are  unacceptable.  Tnerefoje, 
new  information  learned  during  SD-5  PCS  implementation  efforts  should  be  used  to  modify  the 
design  (well  and  screen  placement,  etc.)  as  warranted.  Groundwater  modeling  is  an  important  aspect 
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of  this  strategy  and  should  be  considered  a  recursive  process  integral  to  the  construction,  testing  and 
operation  of  the  SD-5  PCS. 

Hydrosnatigraphic  and  contaminant  information  collected  during  construction  should  be 
analyzed.  Well  drilling  information  such  as  geologic  and  geophysical  data  should  be  collected. 
Analytical  information  from  both  groundwater  and  aquifer  matrix  samples  needs  to  be  collected. 
Aauifer  testing  should  include  single  and  multiple  well  pumping  tests,  borehole  flow  meter  testing, 
and  injection  testing  should  be  performed  for  as  many  wells  as  possible  during  the  initial  phases  and 
then  as  warranted  for  subsequent  phases. 

Any  new  information,  such  as  localized  heterogeneities  which  may  have  adverse  affects  to  the 
performance  of  the  SD-5  PCS,  should  be  incorporated  into  the  groundwater  model(s)  and  their 
impacts  rigorously  assessed.  The  PCS  should  then  be  reoptimized  and  construction  efforts  modified. 
based  on  the  refined  modeling  results.  Such  design  features  that  may  be  modified  include  screen 
intervals,  well  placement,  and  pumping  rates. 

It  is  also  recommended  mat  strong  consideration  is  given  to  performance  assessment  and 
ecological  monitoring.  Chemical  based  performance  monitoring  may  be  inconclusive.  Kydrologic 
monitoring  such  as  water  level  monitoring,  may  also  be  inconclusive  due  to  masking  from  seasonal 
variations.  Tracer  based  monitoring  is  the  recommended  methodology  for  evaluating  the 
Derformance  of  the  SD-5  PCS.  Ecological  monitoring,  such  as  chemical  and  physical  monitoring 
of  Ashumet  Pond,  Johns  Pond,  and  other  ecologically  sensitive  areas  should  be  conducted. 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #1  Run  1 

Model  Run  Summary 

5-l-9€ 


Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 

-  14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 


Summary: 

-  The  PCS  Scenario  #1  insufficiendy  captures  the  SD-5  Plume. 

-  The  PCS  Scenario  #1  impacts  the  Western  Aquifarm  plume. 

-  The  distance  between  extraction  and  injection  wells  produced  unfavorable  recirculation. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #2  Run  2 

Model  Run  Summary 

5-1-96 


Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 
- 14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 

Plume  Particle  Capture: 

-  Western  Aquifarm:  247  of  789  (31.31%)  particles  captured.    ...;.■ 

-  PFSA:  Oof  11 18(0%)  particles  caprured. 

-  SD-5:  1861  of  4184  (44.48%)  particles  captured.  Minimum  northing  (Y)  value 
for  extraction  wells  is  236570,  thus  all  particles  originating  down  gradient  from 
this  value  are  not  captured.  2787  of  the  4184  particles  are  upgradient  (Y  > 
236570)  of  the  extraction  fence. 

Conclusions: 

-  The  PCS  Scenario  #2  insufficiently  captures  the  SD-5  Plume. 

-  The  PCS  Scenario  #2  impacts  the  Western  Aquifarm  plume. 

i 

Recommendations: 

-  Increase  pumping  rates  for  PCS  Scenario  #2  to  complete  capture  of  SD-5  plume 
upgradient  of  the  extracdon  fence. 

-  Re-evaluate  the  proposed  location  for  SD-5  PCS  system  to  rninimize  the  impact 
on  the  Western  Aquifarm  plume. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #3  Run3 

Model  Run  Summary 

5-1-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 

-  14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 

Summary: 

-  The  PCS  Scenario  #3  insufficiently  captures  the  SD-5  Plume  due  to  fence  orientation 
with  respect  to  equipotential  lines.  -----  

-  The  PCS  Scenario  #3  impacts  the  Western  Aquifarm  plume. 

-  The  distance  between  extraction  and  injection  wells  produced  unfavorable  recirculation. 
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Change  in  Net  Rux  Values  of  Ashumet  Pond 
vs.  Total  Pumping  Rate:  Scenario  4   . 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #4  Run  4A 

Model  Run  Summary 

5-14-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  373828 

Wells  =  28 

-  14  extraction  wells  (-10  gpm) 

-  14  injection  -wells  (10  gpm) 

-  TOTAL  PUMP  RATE=  140  GPM 

Plume  Particle  Capture: 

-  Western  Aquifaim:  23.70%  capture. 

-  PFSA:  0.00%  capture. 

_     -  SD5NORTH:  70.08%  capture. 

-  SD5SOUTH:  0.00%  capture.  .' 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  the  extraction  fence. 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #4  Run  4B 

Model  Run  Summary 

5-14-96 


Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 

-  14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 

Plume  Particle  Capture: 

-Western  Aquifarm:  46.89%  capture. 
-PFSA:  0.18%  capture. 

-  SD5NORTH:  84.67%  capture.     . 

-  SD5SOUTH:  0.16%  capture. 


'NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradientfrom  this  value  are  not  likely  to  be  caDtured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 


Environmental  Ccnsdfr-g  Engineers.  Inc 


P.O.  Sex  22SS3 
KrjcxvaJe,  TH  37SG3 
P!^r=  tea  ssvieea 

ra=    IC3  ©WOT 


MMR   SD-5   Sc»ncrio    #^3   (550   GPM)   Water  Tcble 


Mccrcc~i:r=tt3  Miiitcry  F.is^r^cticn 


Cramq  v«r»cn  No:     Am  3 
Cr=»n  5*      Ut.C 
O.mawa  5>t      LK3 
Cr<r»ntj  Ncnc 


Dra-yng    No. 

SD54b01 


Envircrmentai  Consorting  Engineers,  Inc. 


F.CEcx22SS3 
"Kncxvife,  TN  oTSSS 
Rxra  wca  esvstea 


MWR   SU-5   Scsncric    #^a   (350   GFM)   Drcwdc 


Wcscccnuse:ts  Miiitcry  R=s«rvcticn 


OrrrwTiq    V*r»cn   .No^       3»v.    3 

Cnrm    iy.      \UJZ 

Ci«c*«3   35c      LXS 

Crtntnq   None      SO;_SiS.r'X; 

=-o«c;  Nc     OT  voir.;: 


Crcvrxj   No. 

SD54b 02 


//-.. 


I 


r 


-j  i 


X 


y 


~<\ 


A 


_JH^J  7/     i'f/ 

ty/-  ./••-•■  / 

't     ./■•'/  J  / 


/ 


y 


/ 


//• 


^ 


V. 


.£>- 


N3,  » 


0? 


/  .i~v  /  I 

I  ■?<  "v  - 

TO 


EnvironmenTa]  Ccnsdtinc  Er.cinee-s 


P.O.  Ecx  22SS3 
KncsviSe,  TN  37S32 
F^cre    US)  SS-.-CeZi 

Fax  (422)  er:^:^ 


0—5  Run   -2   Pcr;;clas   Enciinc   At  Weils 


Wc33crr.i:s2"t5   Miiitcrv  .nessrvciicn 


rr««    3y.       VU.C 


CV=--lnq    No. 

SD_4S 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #4  Run  4C 

Model  Run  Summary 

5-14-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-40  gpm) 

-  14  injection  wells  (40  gpm) 

-  TOTAL  PUMP  RATE  =  560  GPM 

Plume  Particle  Capture: 

-  Western  Aquifarm:  64.77%  capture. 

-  PFS A:  0.81%  capture. 

-  SD5NORTH:  87.38%  capture. 

-  SD5SOUTH:  4.13%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  caDtured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 
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Environmental  Consulting  Engineers 
MMR  SD-5  PCS  Scsnario  #5  Run  5A 

Model  Run  Summary 
5-14-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378328 

Wells  =  28 

- 14  extraction  wells  (-25  gpm) 

-  14  injection  wells  (25  gpm)    ■ 

-  TOTAL  PUMP  RATE  =  350  GPM 

Plume  Particle  Capture: 

-  Western  Aquifarm:  56.02%  capture. 

-  PFSA:  0.00%  capture. 

-  SD5NORTH:  81.65%  capture. 

-  SD5SOUTH:  0.65%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 


E'Tvircrmefitai  Consulting  Engineers 

XrorvllJe.  TN  37S22 
Pxnr    U£3  SSVo6S3 

Fax  (45a  esr-ceii 


MMR   SO-5   Seen  eric   #SA  (350   c,pm)  Wcter    [cble 


Mcsscchuseits  Muiicry  Reservation 


>3»n  37:     viu: 

C^accxl  ay. 

Prime.  Soz      CT  UUB.C-. 


Craimq   No. 

SD55g  01 


ibv 


~  <7/-»  "   V       **  ■■       " 


■r        *   ,'■■■■'  ■*//  "'     '    " 


\. 


r 

lis     '   /*Vr* 


./" 


^ 


Environmental  Gcrajiting  Engineers 


F.C.  5cx  22S€3 
Knoxvffla,TN  37SC2 

Rrra:    W22)  6SVC3668 


MMR    £0-5    Scencric    ^5    Site   Mco 


T 


Mcnscchusetts   Muitcry  R=s2r 


C«T»na;  Ntnc      SZa_5S.3*C 


'         Cr-3«-!t-K3   No- 

SO 55  OC 


SD-5 

Tctai 
Pump 

Rata 
(ccm) 


SD-5  Plume:  SD5NOR7H.SSD 


SD-5  Plume  Containment  System  Performance:  Scenario  #€ 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6A 

Model  Run  Summary 

5-18-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-10  gpra) 

-  14  injection  wells  (10  gpm) 

-  TOTAL  PUMP  RATE  =  140  GPM 

Plume  Particle  Capture: 

-  SD5NORTH:  7839%  capture. 

-  SD5SOUTH:  0.32%  capture. 

-  Western  Aquifarm:  26.49%  capture. 

-  PFSA:  0.00%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  can  cured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  the  extraction  fence. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6B 

Model  Run  Summary 

5AS-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 

-  14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 

Plume  Particle  Capture: 

-  SD5NORTH:  84.23%  capture. 

-  SD5SOUTH:  2.27%  capture. 

-  Western  Aquifarm:  44.74%  capture. 

-  PFSA:  0.09%  capture. 

NOTE:  Minimum  northing  (Y)  v^ue  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from.this  value  are  not  likely  to  be  captured. 
294S  of  the  4184  panicles  are  upgradient  (Y  >  236570)  of  this  line. 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6C 

Model  Run  Summary 

5-18-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-40  gpm) 

-  14  injection  wells  (40  gpm) 

-  TOTAL  PUMP  RATE  =  560  GPM 

Plume  Particle  Capture: 

-  SD5NORTH:  95.52%  capture. 

-  SD5SOUTH:  2.5 1  %  capture. 

-  Western  Aquifarm:  49.94%  capture. 

-  PFSA:  0.72%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  41 84  particles  are  upgradient  (Y  >  236570)  of  this  line. 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  7B 

Model  Run  Summary 

5-22-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  14  extraction  wells  (-25  gpm) 
- 14  injection  wells  (25  gpm) 

-  TOTAL  PUMP  RATE  =  350  GPM 

Plume  Particle  Mass  Capture: 

-  SD5NORTH:  86.23%  capture. 

-  SD5SOUTH:  7.23%  capture. 

-  Western  Aquifarm:  64.01%  capture.  • 

-  PFSA:  0.44%  capture. 

NOTE:  Minimum  northing  00  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  7D 

Model  Run  Summary 

5-22-96 

Model:  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  3  extraction  wells  (-35  gpm) 

-  8  extraction  wells  (-25  gpm) 

-  3  extracrion  wells  (-20  gpm) 

-  14  injection  wells  (26.07  gpra) 

-  TOTAL  PUMP  RATE  =  365  GPM 

Plume  Particle  Mass  Capture: 

-  SD5NORTH:  86.96%  capture. 

-  SD5SOUTH:  6.90%  capture. 

-  Western  Aquifarm:  64.64%  capture. 
•-  PFSA:  0.54%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
panicles  originating  down  gradient  from  this  value  are  not  likely  to  be  caDturea. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 
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SD-5  Constant  Head  Model  PCS  Scenario  6  Extraction  Weils  (-395  gpm) 


Bocrom  of  Screen 
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SD-5  Constant  Head  Model  PCS  Scenario  6  Injection  Wells  (395  gpm) 


Boctom  of  Screen 

Ton  of  Screen 

Pumn  Rate 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  8 

Model  Run  Summary 

6-7-96 

Model:  Constant  head 

Description:  ECE  denned  inputs  with  100%  recharge,  100%  K  field,  and  100%  pumping  rate. 

Recharge  =  29  in/yr 

K  Field  =  ECE  denned. 

Nodes  =  415298 

Elements  =  378828 

Extraction  Wells  =  14  (-395  gpm) 

-  fence:  -50x1,  -40x2,  -35x2,  -30x1,  -25x1,  -20x7  gpm 
Injection  Wells  =14  (395  gpm) 

-  fence:  50x1,  40x2,  35x2,  30x1,  25x1,  20x7  gpm 
Plume  Capture: 

Mass: 


Mass  Qzg) 


totals 


Lower  Bound  Calculation 
of  Particles      Total  Mass  (^g)       Captured  Mass  Q-:g)      %  Mass  Cap  cured 


24 

174 

4176 

3312 

79.31% 

2.4 

1033 

2479.2 

2152.8 

86.83% 

1.2 

1400 

1680 

1516.8 

90.29% 

2607 


8335.2 


6981.6 


83.76% 


Mass  (jig) 


totals 


of  Particles 


Upper  Bound  Calculation 
Total  Mass  lug)       Captured  Mass  lug)      %  Mass  Captured 


240 

174 

41760 

33120 

79.31% 

24 

1033 

24792 

21528 

86.83% 

2.4 

1400 

3360 

3053.6 

90.29% 

2607 


69912 


5/681.6 


82.51% 


Volume:  .- 

( 
Associated  %  Volume 

Volume  (ft3)'      g  of  Panicles     Total  Volume  (fr)      Captured  Volume  (fr5)  CaDtured 


8,750  2607  22,811,250  20,116,250  88.19% 

"  Associated  volume  reported  as  the  total  volume  associated  with  each  particle  (25.000  ft3)  muitiDlicd  by  the  porosicv 
(1=0.35)  " 
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SD-5  High  K  Model  PCS  Scenario  6  Extraction  Wells  (-355gpm) 


Bottom  of  Screen 
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SD-5  High  K  Model  PCS  Scenario  6  Injection  Wells  (355  gpm) 


Bottom  of  Screen 

Top  of  Screen 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  8 

Model  Run  Summary 

6-7-96 

Model:  Constant  head 

Description:  ECE  defined  inputs  with  100%  recharge,  100%  K  field,  and  100%  pumping  rate. 

Recharge  =  29  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  415298 

Elements  =  378828 

Extraction  Wells  =  14  (-395  gpm) 

-  fence:  -50x1,  -40x2,  -35x2,  -30x1,  -55x1,  -20x7  gpm 
Injection  Wells  =14  (395  gpm) 

-  fence:  50x1,  40x2,  35x2,  30x1,  25x1,  20x7  gpm  ."  -» 

Plume  Capture: 

Mass: 

Lower  Bound  Calculation 
Mass  Gag)        gof  Particles      Total  Mass  Qzg)       Captured  Mass  Qzg)      %  Mass  Captured 


24 

174 

4176 

3312 

79.31% 

2.4 

1033 

2479.2 

2152.8 

86.83% 

1.2 

1400 

1680 

1516.8 

90.29% 

totals 


2607 


8335.2 


6981.6 


83.76% 


totals 


Upper  Bound  Calculation 


Mass  (/xg) 

#  of  Particles 

Total  Mass  Cug) 

Captured  Mass  (pig) 

%  Mass  Captured 

240 

174 

41760 

33 120 

79.31% 

24 

1033 

24792 

21528 

86.83% 

2.4 

1400 

3360 

3033.6 

90.29% 

2607 


69912 


57681.6 


82.51% 


Volume: 

Associated  %  Volume 

Volume  (ft3)*      #  of  Panicles     Total  Volume  (ft3)      Capcured  Volume  (ft3)  Captured 

8,750  2607  22,811,250  20,116,250  88.19% 

"  Associated  volume  reported  as  the  total  volume  associated  with  each  panicle  (25,000  fr)  multiplied  by  the  porosity 
(n=Q35) 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  9 

Model  Run  Summary 

6-7-96 

Model:  Constant  head 

Description:  ECE  defined  inputs  with  100%  recharge,  100%  K  field,  and  100%  pumping  rate. 

Recharge  =  29  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  415298 

Elements  =  378828 

Extraction  Wells  =  14  (-365  gpm) 

-  fence:  -40x1,  -35x3,  -30x1,  -25x2,  --20x7  gpm 
Injection  Wells  =14  (365  gpm) 

-  fence:  40x1,  35x3,  30x1,  25x2, 20x7  gpm 
Plume  Capture: 

Mass: 


totals 


Lower  Bound  Calculation 

Mass  {<j.z) 

#  of  Panicles 

Total  Mass  (jig) 

Captured  Mass  (;zg) 

%  Mass  Captured 

24 

174 

4176 

3168 

75.86% 

2.4 

1033 

2479.2 

2172 

87.61% 

1.2 

1400 

1680 

1516.8 

90.29% 

2607 


8335.2 


6856.8 


82.26% 


totals 


Upoer  Bound  Calculation 

Mass  Gug) 

#  of  Panicles 

Total  Mass  (<j.g) 

Captured  Mass  (fig) 

%  Mass  Captured 

240 

174 

41760 

31680 

75.86% 

24 

1033 

24792 

21720 

87.61% 

2.4 

1400 

3360 

3033.6 

90.29% 

2607 


69912 


56433.6 


80.72% 


Volume: 

Associated  %  Volume 

Volume  (ft3)*     #  of  Particles     Total  Volume  (ft3)      Captured  Volume  (ft3)  Canoired 


8,750  2607  22,811,250  20133750  88.26% 

"  Associated  volume  reported  as  the  tocai  volume  associated  with  each  panicle  (25,000  ft3)  muitiplied  by  the  porosicy 
(n=0.35) 
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Environmental  Consulting  Engineers 

MMR  SD-5  Scenario  #6  Run  10 

Model  Run  Summary 

6-12-96 

Model:  High  K  Box  Model 
Description:  Optimization 
Recharge  =  27  in/yr 
K  Field  =  ECE  defined. 
Nodes  =772421 
Elements  =707112 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 

-  screen  interval  -40  to  20  ft  msL 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 

-  screen  interval  -40  to  20  ft  msL 

SD-5  Plume  Capture:  i 

This  configuration  resulted  in  Insufficient  capture  of  the  SD-5  Chlorinated  VOC  plume. 
Portions  of  the  plume  travel  south  past  the  extraction  fence  and  over  the  extraction  fenc; 

Recommendations:     . 

Raise  the  injection  well  screen  interval  to  assist  in  the  development  of  steep  gradients 
north  towards  the  extraction  weBs. 
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Environmental  Consulting  Engineers 

MMR  SD-5  100/100/100 

Model  Run  Summary 

6-12-96 


Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  100%  K  field,  100%  recharge,  and  100%  pumping  rate. 

Recharge  =  27  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN1 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 


Plume  Capture,  SD-5  Mass: 


Mass  Qug) 


totals 


of  Particles 


Lower  Bound  Calculation 

Total  Mass  Qj.g)       Captured  Mass  Qxg)     %  Mass  Captured 


24 

174 

4176 

4104 

98.28% 

2.4 

•1033 

24792     - 

2450.4 

98.84% 

1*2 

1400 

1680 

1664.4 

99.07% 

2607 


S335.2 


8218.8 


98.60% 


Mass  Cwg)        #  of  Panicles 


totals 


2607 


Upper  Bound  Calculation 

Total  Mass  (jj.g)       Captured  Mass  (/zg)     %  Mass  Capcured 


240 

174 

41760 

41040 

98.28% 

24 

1033 

24792 

24504 

98.84% 

2.4 

1400 

3360 

3328.8 

99.07% 

69912 


68S72.8 


98.51% 


Plume  Capture  Volume: 

Volume  per  %  Volume 

Particle  (ft3)"      #  of  Particles     Total  Volume  (ft3)      Cappjred  Volume  (ft3)     .     Capcured 


8,750 


2607 


22,811,250 


22566250 


98.93%" 


"  Volume  of  water  per  particle  using  porosity  of  35% 
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SD  — 5   Scsncrio   6   Run    1    (355   gpm)   Orawdov 
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Environmental  Consulting  Engineers 
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SO— 5  Sc~icrio   6   Run    1    Particles  Ermine   a;   Scundcries 
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SD-5  Plume  Containment  System  Performance:  100710.0/ 


Run  ID 


Pump 

rata 

loam) 


SO-5  F!ume 


Taial 
carnclas 


Faitkias 

C3CtUT8C! 


Pgrcant 
pam'das 
cacturad 


Mass 
Total  mass.        captured. 
Lcrwar  Sound    Lawar  Sound 
fmic.-jaams)    (micnicrams) 


Percanl 

mass 

captured. 

Lower 

Bcunc! 


So 
RUN2 
RUN1 
RUNS 


0 

243.S 

2607 

355 

2507 

-161.5 

26C7 

2505 

2573 
2597 


96.09% 

98.93% 
99.52% 


3235.2 
8335.2 
8335.2 


8013 
3219 
3275 


96.20% 
98.50% 
99.23% 


Mass 
Total  mass.        captured. 
L'cpar  Sound    Upper  Sound 
(rac— crams)    fmicrccrams) 


SO-5  Scanarlo  S,  1C0%  k.  100%  racharga 
%  Mass  Capcura  vs.  Total  Pumping  Rata* 


a  «x. 


no  a 

Total  Pumping  Pet*  (flam) 


SD-3  Scanarlo  S,  100%  1c,  100%  racharga 
i  Volwna  Caocura  vs.  Total  Pumping  Sataa 


T7X. 

c  «l  r 

> 

30X 


Total  ?umcl"C  Hal*  (5pm) 


•  Lawor  i      | 

I      ! 

-Uocor  I      I 


6/17/96  1  1:29  AM 


ECE 


SCSHPSriF.XLS 


ATTACHMENT  E 


DRAFT  Environmental  Consulting  Engineers 


L 


MMR  SD-5  Groundwater  Model  Sensitivity/Uncertainty  Analysis 
ire  of  Contaminated  Water  in  High  Conductivity  {K}  Pond  and  Constant  Head  Pond  Mode!  Runs 

Environments!  Consulting  Engineers 

ligh'K  Pand  results  listed  below  are  based  on  a  total  pumping  rate  of  255  gpm  and  1C0%  recharge  =  27  In/'yr 

Constant  Head  Ponds  runs'*ere  completed  only  for  the  100/100/1  CO  conditions 
■tant  Head  Ponds  results  listed  below  are  based  on  a  total  pumping  rate  of  365  gpm  and  100%  recnarge  =  29  In/yr 
zer  Bound  %  Mass  Capture  values  are  derived  from  particle  mass  values  greater  than  the  provided  data  indicate 
ower  Bound  %  Mass  Capture  vaiues  are  denved  from  particle  mass  values  less  than  the  provided  data  indicate 


Recnarge 

70% 

100% 

| 

is  Capture.  Htgn  K  Ponds. 

%  Mass  Capture.  Hign  K  Ponds. 

%  Mass  Capture.  Hign  K  Por.as. 

Souna 

99.09% 

Upper  Bound 

97.32% 

Upper  Sound 

95.32% 

ss  Capture.  High  X  Ponds. 

%  Mass  Caoture.  Hjgn  X  Ponds. 

%  Mass  Capture.  Hign  X  Pones. 

r  Sound 

99.18% 

Lower  Bound 

97.13% 

Lower  Sound 

SS.70% 

•Jume  Caoture.  Hign  X 

%  Vckase  Caoture.  Hign  X 

%  Volume  Capture.  Hign  X 

Is 

99.50% 

Ponds 

97.01% 

Ponds 

96.52% 

Mass  Capture.  Hign  K  Ponas. 

%  Mass  r>r""f*  rttgr.  X  Ponds. 

%  Mass  Capture.  Hign  X  Pones. 

pper  3cund 

96.70% 

Upper  Sound 

93.51% 

Upper  Sound 

98.57% 

>  Mass  Capture.  High  K  Pcnds. 

%  Mass  Caoture.  rfign  X  Ponos. 

%  Mass  Caoture.  High  X  Pones. 

.ower  Sound 

96.36% 

Lower  Sound 

93.50% 

Lower  Sound 

98.55% 

/«  Volume  Cacture.  High  X 

"  %  Vctane  Capture.  High  X 

%  Volume  Capture.  High  X 

5onos 

97  52% 

Pcnds 

93.93% 

Ponds 

98.31% 

-      i 

%  Mass  Capture.  Constant  Head 

Pcnds.  Upper  Sound 

%  Mass  Cacture.  Constant  Head 

Pones.  Lower  Sound 

%  Volume  Caoture.  Constant 

Head  Ponds 

80.72% 
82.25% 

88.25% 

%  Mass  Cjoture.  Hign  X  Ponos. 

%  Mass  Capture,  rtgn  X  Pones. 

%-Mass  Caoture.  Hign  X  Penes. 

Upper  Sauna 

98.91% 

Upper  Sound 

50.77% 

Upper  Sound 

94  25% 

%  Mass  Capture.  Hign  X  Ponds. 

%  Mass  Capture.  Hign  X  Ponos. 

%  Mass  Capture.  Hign  X  Pcnds. 

Lower  Sound 

98.75% 

Lower  Sound 

39.35% 

Lower  Sound 

54.  =3% 

%  Volume  Caoture.  Hign  X 

%  Vdume  Caoture.  High  X 

%  Volume  Capture.  High  X 

Ponds 

93.16% 

Ponds 

8S.S8% 

Ponds 

94.74% 

o 

- 

SD-5 

Plume  Containment  System  Performance:  70/#/100 

SO-5  Phirne 

Fare  ant 

Percant 



Mass            mass 

Mass 

mass 

Percant 

Total  mass,       captured,      captured 

Total  mass. 

captured. 

cactured. 

rercant 

Red  area 

Total 

Particles 

partidas 

Lower  Sound  Lower  Sound      Lower 

Upper  Sound 

Upper  Sound 

Upper 

vclurra 

nun  10 

flrt/vr) 

oanfcas 

cactured 

cactured 

(micrccrarns!  fmicrccrams)      Sound 

(microcrarns) 

(rnicocrarns) 

Sound 

cac:u.-sc 

RL'N6 

27 

ia.3 

2607 

2594 

9950% 

S33S.2              8257           99.ta% 

6S912 

69276 

99.09% 

99.50% 

RUN4 

27 

2607 

2529 

97.01% 

833S2               S100            97.13% 

63912 

68040 

97.32% 

97.01  r. 

RUN  10 

35. 1 

2607 

2S19 

96.62% 

3C3S-2               3C60            96.70% 

6S912 

67692 

96.32% 

96.52% 

SD-5  Scenario  S,  7G%!c,  1CC% Total  Pumping 
%  Maaa  Capture  va.  Recharge  Rates 


*3t   . 

: 

«*.  ■ 
so*. 

U~^ « : a 
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. 
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. 

-    ......  .... ...    ■...__._„.._            ::-"..  \                         .           -.;--              -    -  '  -----  - 

. 

i 

Law»r  j   I 
-Coo»< 


H«cnar£«  Pais  {livyn 


so*.  ■ 
to%  ■ 

•  7c*. 

5 

a.  «*.  i 
u 

•  so*.  . 
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S0-5  Scanario  S,  70%'.c,  :CC%  Total  Pumping 

%  Volume  Caorure  vs.  Recharge  Rates 

o       ^— — - —  — - 


Smcaar^i  nit*  (In/Yr) 


6/1 7/35  11.33  AW 


SOSKFERF  XLS 


SO-5  Plume  Containment  System  Performance:  1CO/#/ioo 


Hun  ID 


SS 
RUNS 
RL'NI 
RUN11 


Recharge 
(In/vr) 


Su-3  riima 


Parcanl 

Total       Parades     particas 

pa/tides    caomred    captured 


fsrcant 
■Mass  mass 

Total  mass.       captured,      captured. 
Lower  Sound   Lower  Sound      Lower 

(mx-'L'Oiarr.s)   fmxrocramsj     Sound 


27 
18.9 
.  27 
35. 1 


Parcant 
Mass  mass 

Total  mass.        captured,      captured. 
Upper  Sound    Upper  Sound      Upper 
(micrccramsl    (micrccrarnsl      Bound 


Parcant 
volume 

captured 


2607  2545        97.52% 

2607         2579        98.93% 
2607  2553         98.31% 


8335.2 
8335.2 
8335.2 


8074  96.36% 

8219  9aSC% 

8218  98.59% 


63912 
6=912 
6S912 


67603 
68873 
68986 


96.70% 
38.51  % 
98.57% 


97.52% 
98.33% 

98.31% 


SD-5  Scanario  S,  1CC%!c,  100%  Total  Pumping 
%  Mass  Gaptura  vs.  Rochargo  Hataa 


3     « 


1 

e_-. _                            u 

! 

. 

[.. 

• 

1 

I "-' 

• 

• 

1 

fl«C"I«r^»  tUta  (ta<vr) 


£0-5  Scanario  6, 100%  Sc,  TCC% Total  Pumping 
%  Vctuma  Caeturg  va.  Recharaa  Haas 


•  so*. 


V. 


Bec-:«r^»  nin  firjyo 


6/17/96  1  1:34  AM 


£CE 


S05HPE.- 


SD-5  Plume  Containment  System  Performance:  ISO/an 


GO 


Run  ID 


Recharge 
Un/vr) 


SO-5  Plume 


Total 

Darridas 


Panic!  as 
cactured 


Parcant 
pa/tides 
caoaired 


Mass 
Total  mass.       captured. 
Lower  Sound  Lower  Hound 
(mJcrccrams)   fmicrocrams) 


Percant 

mass 

cactured. 

Lower 

Sound 


TotaJ  mass. 
Upper  Sound 
frracrscrams) 


Mass 

cactured. 

Uccer  Sound 

(rracTccrarrs) 


SS 
RUN9 

HUNS 
RUN  12 


27 

ia.9 

27 

35.1 


rercant 

mass 

cactured. 

Upper 

Sound 


2607 
2S07 
2607 


2559 
2231 
2470 


58.16% 
85.53% 
94.74% 


833S.2 
833S.2 
8335.2 


8232 
7489 
7879 


98.75% 
89.55% 
94.53% 


Parcant 
vclurra 

cacrurad 


65912 
6S912 
65912 


69149 
63458 
6S3S0 


98.91% 
90.77% 
94.25% 


sa.:s% 
as.£a% 

54.74% 


SD-3  Scartario  S,  130%  k.  100%  Total  Pumping 
%  Mass  Captura  vs.  Racharga  Ratas 


TOU  -     -     -     - 
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30K  ■ 
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SO-a  Scenario  S,  130%  Sc.  100%  Total  Pumping 
%  Voluma  Caotura  vs.  Recharge  Ratas 


m 


£! 


Becr.ic;*  n«t*  (ln/yr) 


6/17/S5  11:34  A.M 
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Environmental  Consulting  Engineers 

MMR  SD-5  100/100/70 

Model  Run  Summary 

6-12-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  100%  K  field,  100%  recharge,  and  70%  pumping  race. 

Recharge  =  27  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  772421 

Elements  =  707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN2 

Extraction  Wells  =  14  (-248.5  gpm) 

-  fence:  -24.5x2,  -14x9,  -21,  -24.5,  -28  gpm 
Injection  Wells  =14  (248.5  gpm) 

-  fence:  17.5x4,  21x5, 17.5, 14x4  gpmPlume  Capture: 

Plume  Capture,  SD-5  Mass: 


Mass  (ug)        #  of  Particles 


Lower  Bound  Calculation 

Total  Mass  (p.g)       Captured  Mass  (p.g)     %  Mass  Captured 


24 
2.4 
1.2 


174 
1033 
1400 


4176 
24792 
1680  ' 


4032 

2364 

1622.4 


96.55% 
9535% 
96.51% 


totals 


2607 


8335.2 


8018.4 


96.20% 


Mass  (fig) 


of  Particles 


Upper  Bound  Calculation 

Total  Mass  (peg)       Captured  Mass  pig)     %  Mass  Captured 


240 
24 

2.4 


174 
1033 
1400 


41760 

24792 

3360 


40320 
23640 
3244.8 


96.55% 
95.35% 
96.57% 


totals 


2607 


69912 


67204.8 


96.13% 


Plume  Capture  Volume: 

Volume  per 

Particle  (ft3)'      #  of  Particles      Total  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 
CaD  cured 


8,750 


2607 


22,211,250 


21918750 


96.09< 


*  Volume  of  water  per  particle  using  porosity  of  35% 
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Environmental  Consulting  Engineers 


P.O.  Bex  22SS3 
Knoxville,  TN  37923 

Ftxr.e:    UZ2)  SS1-o663 
rax    (422J  531-0671 


So— 5   Scenario  6  rci;n   2  (2~3.5   •gpn)   Orcwdcwn 


Mcsscchusetts  Military  Reservation 


Orcwxj    v«rTion   Na_:       Rav.    3 

Oi«c3t«t]   5y:    *JLC 

Orc-wTq    Ncm<r.        SCiSirO.DWC 

3'oicc:  No:      0"  uufi.a: 


Ora»*iq    No. 
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Environmental  Consulting  Engineers 

MMR  SD-5  100/100/130 

Model  Run  Summary 

6-12-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  100%  K  field,  100%  recharge,  and  130%  pumping  rate. 

Recharge  =  27  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  772421 

Elements  =  707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN3 

Extraction  Wells  =  14  (-461.5  gpm) 

-  fence:  -45 .5x2,  -26x9,  -39,  -45  J,  -52  gpm 
Injection  Wells  =14  (461.5  gpm) 

-  fence:  32.5x4,  39x5, 32  J,  26x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  pug) 


totals 


of  Panicles 


Lower  Bound  Calculation 

Total  Mass  Gug)       Captured  Mass  Gag)     %  Mass  Captured 


24 

174 

4176 

4128 

98.85% 

"2.4 

1033 

24792.    ; 

2474.4 

99.81% 

1.2 

1400 

1680 

1672.8 

99.57% 

2607 


8335.2 


8275.2 


99.28% 


Mass  (p.g) 


totals 


of  Particles 


2607 


Upper  Bound  Calculation 

Total  Mass  (ug)       Captured  Mass  (,ug)     %  Mass  Captured 


240 

174 

41760 

41280 

98.85% 

24 

1033 

24792 

24744 

99.81% 

2.4 

1400 

3360 

3345.6 

99.57% 

69912 


69369.6 


99.22% 


Plume  Capture,  Volume: 

Volume  per 

Particle  (ft3)'      #  of  Panicles     Total  Volume  (fr)      Captured  Volume  (ft3) 


%  Volume 
Cautured 


8,750 


2607 


22,811,250 


22723750 


99.62% 


'O- 


*  Volume  of  water  per  panicle  using  porosity  of  35% 
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Environmental  Ccnsdtir.g  Engineers 


P.O.  Eox  22553 
Kr.cxviila.  TN  37S23 

f*c«i    (422)  SSV3SS3 
Fax    W23)  SST-OSn 


SO— 5   Sc=nc.'io    6    Run    3    (^-ol.S    gprr.)    Orawdowr, 


Mcsscchusetts   Militcrv  Reservation 


Cra-ioq   Nome       SDIS^CO.QWC 


bo. 


.02 


Environmental  Consulting  Engineers 

MMR  SD-5  70/130/100 

Model  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  denned  inputs  with  70%  K  field,  130%  recharge,  and  100%  pumping  rate. 

Recharge  =  35.1  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 . 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN  10 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4, 30x5,  25, 20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  Qug)        #  of  Panicles 


totals 


Lower  Bound  Calculation 

Total  Mass  Gag)       Captured  Mass  pig)     %  Mass  Capcured 


24 

174 

4176 

4032 

96.55% 

2,4 

1033 

2479.2.  • 

2414.4 

97.39% 

1.2 

1400 

1680 

1614 

96.07% 

2607 


8335.2 


8060.4 


96.70% 


Mass  (/ig) 


totals 


of  Particles 


Upper  Bound  Calculation 

Total  Mass  (ug)       Captured  Mass  (ug)     %  Mass  Capcured 


240 

174 

41760 

40320 

"  96.55% 

24 

1033 

24792 

24144 

97.39% 

2.4 

1400 

3360 

3228 

96.07% 

2607 


69912 


67692 


96.82% 


Plume  Capture,  by  Volume: 

Volume  per  %  Volume 

Panicle  (ft3)*      #  of  Particles     Total  Volume  (fr)      Captured  Volume  (ft3)  Captured, 


8,750 


2607 


22,811,250 


22041250 


96.62% 


*  Volume  of  water  oer  oardcle  usine  rorosirv  of  35% 


Environmental  Consulting  Engineers 

MMR  SD-5  70/100/100 

Mode]  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  70%  K  field,  100%  recharge,  and  100%  pumping  rate. 

Recharge  =  27  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN4 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25, 20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  (jug) 


torals 


of  Particles 


Lower  Bound  Calculation 

Total  Mass  (jug)       Captured  Mass  (/zg)     %  Mass  Caocured 


24 

174 

4176 

4056 

97.13% 

2.4 

1033 

24792.  ' 

2424 

97.77% 

1.2 

1400  • 

1680 

1620 

96.43% 

2607 


83352 


8100 


97.18% 


Mass  (jug) 


totals 


of  Particles 


2607 


Upper  Bound  Calculation 

Total  Mass  (jug)       Captured  Mass  (jug)     %  Mass  Captured 


240 

174 

41760 

40560 

97.13% 

24 

1033 

24792 

24240 

97.77% 

2.4 

1400 

3360 

3240 

96.43% 

69912 


68040 


97.32% 


Plume  Capture  Volume: 


Volume  per 
Panicle  (ft3)" 


of  Particles      Total  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 
CaDturecL 


8,750 


2607 


22,811250 


22128750 


97.01% 


Volume  of  water  per  particle  using  porosity  of  35% 


Environmental  Ccnsdtir.g  Engineers 


P.O.  Sex  22553 
iC-cx/Be.  TN  37333 

Prxrxc   (423)  6SJ-3663 

Fax   (-C2J  £31-0671 


S3- 5  Scsr.cric    5    Run    4.   S3   Wcter   Tcble 


Mcssccr.usetts   Military  Reservation 


Oro-tncj    Nome       SC^-«-SS.3WC 
°-o >«c:   No:      C"  ^"R-Cl 


Cra»' 


ncj    No. 

SS.G1 


Environmental  Consulting  Engineers 


P.C.  Box  22553 
Kr.oxviile.  TN  37S23 

FhCfxc   W22)  6s%cesa 
fax    0*23)  6S1-06T. 


;— 5  5c;r.c.-:c  5   Rvjn   4.  (235   cpm)  Wcter   Toole 


.Wcssgc-!u sects  Militcry  Reservction 


Zr<rm*iq   'fa  -ion   No^      flev.    0 
Qro»ti   ay:      5Trt 
Oiaoira  Sy    WtC 


So. 4.01 


/  •    •«»■/«■". 


Environmental  Ccnsiting  Engineers 


P.O.  Hex  225S3 
Kr.ox-.raIa  TN  37=32 

Fhcnr   U£2>  5SK-SS3 
Fax    (422)  6S1-C67I 


SO— 5   Scsncrio   £    Sun    *  Pcrticles   £ndinc    At    Ecundcries 


Mcsscc.-.use'.ts   Militcry  Reservation 


;ra-»wiq   v«raton   Nix:       ft«v.    C 

Oloi-ioc    3y 

3-o«:   No:      OT  vius.ai 


Crowwi<J    .No. 

So.^.02 


Environmental  Consulting  Engineers 

MMR  SD-5  130/100/100 

Model  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  130%  K  field,  100%  recharge,  and  100%  pumping  rate. 

Recharge  =  27  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN5 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:.  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  Q^g)         #  of  Particles 


totals 


Lower  Bound  Calculation 

Total  Mass  (jxi)       Captured  Mass  (p.g)     %  Mass  Captured 


24 

174 

4176 

3960  .: 

94.83%. 

2.4 

1033 

24792,  ■ 

2100 

84.70% 

1.2 

1400 

1680 

1429.2 

85.07% 

2607 


8335.2 


7489.2 


89.85% 


Mass  (p.g) 


totals 


of  Particles 


2607 


Upper  Bound  Calculation 

Total  Mass  (p.g)       Captured  Mass  Qug)      %  Mass  Captured 


240 

174 

41760 

39600 

94.83% 

24 

1033 

24792 

21000 

84.70% 

2.4 

1400 

3360 

2858.4 

85.07% 

69912 


63458.4 


90.77% 


Plume  Capture  Volume: 

Volume  per 
Particle  (ft3)'      #  of  Particles 


Total  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 
CaD  cured 


8,750 


2607 


22,811,250 


19521250 


85.58< 


Volume  of  water  per  particle  using  porosity  of  35% 


Environmental  Consulting  Engineers 

P.O.  Bex  22S53 
K.-CXVT29.  TN  37=23 


k^p 


rax    (422)  oSVCS^ 


Mcssccnusetts   Mfiitcry  Reservction 


Cro^rwiq    Version    .Nc;        fl«v_    0 

Oowiq   lene       SaiSISS.QWC 

Po«e  n<x      CT  uur.:i 


Orcwuij    No. 

S6.55S.C1 


Environmental  Ccnstjitirg  Engineers 


F.C.  Ecx  22563 
Knaxvifla.  7N  37233 

Fhcra:    (422)  53VC6S3 
Fax    (422)  oSMSTi 


SO  — 3   Scsncrio   5   3u.-.   S   (255   gprn)   Wc:er   Table 


Mcsscchusetts   Military  Reservcticn 


Crawrt    ay       QTrt 
Ci«aed    3y:    1JI.C 

?*Oi*e:  No:      OT   UUR.C1 


Orawwie,   No. 

S5.5.01 


Environmental  Consulting  Er.dnesrs 

P.O.  Ecx  22S5c 
_r$  ^"j  lC-ox-/iila.  TN  27S23 

Frxxec    (422)  S~-2EE3 
Fax    (4225  SSVCSt: 


-5  Scancria  5   P.un    5   Perthes   Encinc   At   acundcrres 


Mcsscc.u.usetts    Militcry  Reservcticn 


7rc»^~    Version    N<x:        3«v.    C 
Or3»*iq  None       S3i56?3.C>^: 


Oraw^g    No. 

b  o .  b .  U  2 


Environmental  Consulting  Engineers 

MMR  SD-5  70/70/70 

Model  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  70%  K  field,  70%  recharge,  and  70%  pumping  rate. 

Recharge  =18.9  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  772421 

Elements  =  707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN7 


Extraction  Wells  =  14  (-248.5  gpm) 

-  fence:  -24.5x2,  .-14x9,  -21,  -24.5,  -2a  gpm 
Injection  Wells  =14  (248-5  gpm) 

-  fence:  17_5x4T  21x5,  17.5,  14x4  gpm 


Plume  Capture,  SD-5  Mass: 


Mass  Oig) 


totals 


of  Particles 


Lower  Bound  Calculation 

Total  Mass  ip.%)       Captured  Mass  (jxg)     %  Mass  Captured 


24 

174 

4176 

4152 

99.43% 

2.4 

1033 

2479.2 , 

2464.8 

99.42% 

1.2 

1400 

1680 

1669.2 

99.36% 

2607 


8335.2 


8286 


99.41% 


Mass  Cag)        #  of  Particles 


to  tab 


Upper  Bound  Calculation 

Total  MassJ/ig)       Captured  Mass  Qzg)      %  Mass  Captured 


240 

174 

41760 

41520 

99.43% 

24 

1033 

24792 

24648 

99.42% 

2.4 

1400 

3360 

3338.4 

99.36% 

2607 


69912 


69506.4 


99.42% 


Plume  Capture,  by  Volume: 

*  of  Panicles     Total  Volume  (ft3)      Captured  Volume  (ft3) 


Volume  per 
Particle  (ft3)* 


%  Volume 
Can  cured 


"8,750 


2607 


22,811,250 


22671250 


99.39% 


"  Volume  of  water  per  panicle  using  pcrcsiry  of  35% 


Environmental  Consulting  Engineers 


P.O.  Bex  22553 
taczville,  TN  37S3G 

Fax    (422)  6S7-CS7J 


S3- 5   Scencri 


o  o  Run   7  (2*6.5   gpm)   Wccar   Tc: 


Mcsscchusetts  MiJitcrv 


tcry  Reservation 


wTa^wrq   Vernon    *i^      .<?»>    n 
Crawl   y*:      37-H 


Cra-»«-i<j    No. 

Sc.7.01 


Environmental  Consulting  Engineers 

MMR  SD-5  100/70/100 

Model  Run  Summary 

6-12-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  100%  K  field,  70%  recharge,  and  100%  pumping  rate. 

Recharge  =18.9  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUNS 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5, 25,  20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  Q^g)         #  of  Particles 


totals 


Lower  Bound  Calculation 

Total  Mass  (ug)       Captured  Mass  (ag)      %  Mass  Captured 


24 

174 

4176 

4008 

95.98% 

2,4 

1033 

2479.2.  • 

2424 

97.77% 

1.2 

1400 

1680 

1641.6 

97.71% 

2607 


8335.2 


8073.6 


96.86% 


Mass  Q^g)         #  of  Particles 


totals 


Upper  Bound  Calculation 

Total  Mass  (us)       Captured  Mass  (ag)      %  Mass  Captured 


240 

174 

41760 

40080 

95.98% 

24 

1033 

24792 

24240 

97.97% 

2.4 

1400 

3360 

3283.2 

97.71% 

2607 


69912 


67603.2 


96.70% 


Plume  Capture  Volume: 


Volume  per 
Particle  (ft3)" 


#  of  Particles      Total  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 
CaD  aired. 


8,750 


2607 


22,811.250 


22268750 


97.62% 


Volume  of  water  per  particle  using  porosity  of  35% 


Envircnr7.er.ta!  Consulting  Engineers 

P.O.  Ecx  22ssa 
Kncxviiie.  7N  37S22 

Fhcna:    (-122)  SSVCScS 
rax    (422)  6S1-CCT 


ED-5   Scsncric   £   Hun   8   SS   Wcter   Tcsle 


Mcs3cc_"usetts   Militcry  Reservcticr: 


Oicctcc  2y.    *4LC 


S5.SSS.Q1 


Environmental  Consulting  Engineers 


P.O.  Box  22663 
Kr-or-ifla.  TN  37S23 

Ftcrva:    [4Z2)  SSK663 
Fax    (422)  6S1-C671 


zczr.cr.a  5  Run   3  (255  gprr.)   Wets.'   Tccie 


Mcssccr.usetts  Mfiitcry  Resarvcticn 


Orcr-n    3>:      37>l 
3-o.ec:    No:      <3T  MMH.C*. 


Craww^q   No. 

S6.8.01 


Environmental  Consulting  Engineers 
MMR  SD-5  130/70/100 

Mode!  Run  Summary 
6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  130%  K  field,  70%  recharge,  and  100%  pumping  rate. 

Recharge  =18.9  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN9 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  Q^g) 


totals 


of  Particles 


2607 


Lower  Bound  Calculation 

Total  Mass  (p.g)       Captured  Mass  fczg)      %  Mass  Captured 


24 

174 

4176 

4152 

99.43% 

2,4 

1033 

24792.    • 

2433.6 

98.167c 

1.2 

1400 

1680 

1646.4 

98.007o 

8335.2 


8232 


9S.767o 


totals 


Upper  Bound  Calculation 


Mass  (jj.g) 

#  of  Particles 

Total  Mass  (ug) 

Captured  Mass  (y.g) 

%  Mass  CaDtured 

240 

174 

41760 

41520 

99.43% 

24 

1033 

24792 

24336 

98.16% 

2.4 

1400 

3360 

3292.8 

98.00% 

2607 


69912 


69148.8 


98.917c 


Plume  Capture,  by  Volume: 

Volume  per 
Panicle  (ft3)'      #  of  Particles     Total  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 

CaDtured 


8,750 


2607 


22.811,250 


22391250 


98.167c 


*  Volume  of  water  per  panicle  using  porosity  of  35% 


Environments!  Ccnsiiting  Engineers 


P.O.  Eck  22553 
Kr.cxvale,  TN  27323 

F*xx«    U22)  SSW£c3 
Fax    (422)  5Si-C6t: 


SO— 5   Sc=r.crio   S   Sun    S   S3  Wctsr  Tcble 


Vtcssccnusetts   Militcry  Reservcticn 


3rtrw»ng   Vernon   ."<ai:      3«v.    0 

:ra«iq  None      S3iS3SS.Cv<; 
3-3>«c:   No:      CT  xu8.:i 


Orcn»«iq  No. 

Sc.9SS.01 


Environmental  Consulting  Engineers 


P.O.  Box  22553 
Knoxville,  TN  37933 

FTscre    {A23)  6SV3663 
Fax    (423)  651-C-OT 


SO— 5   Scrncria   6   Run   9   (355   gpm)   Wctsr   Tcole 


Mcs3cc.H.usef.ts   Miiitcry  Reservctian 


Cr<r»*iq   No. 

S5.9.01 


Environmental  Consulting  Engineers 


P.O.  Bex  22563 
Knoxviile.  TN  37923 

Phcr«    (-122)  6SW663 
Fax    (422)  6SVOS7] 


SD  — 5   Scsr.cric   5   Run    10   S3   Wcter   Tcble 


Mcsscc-~usar.ts  Miiitcry  Reservction 


O»«oi«*3  sy.   mix 

Orowrxj    lent       S0;51CSS.D'»C 


So.  10S5. 0: 


environmental  Consulting  Engineers 


PjQ.  Box  22SS3 
Kr.cxvtila,  TN  37S23 

Fhcre    US)  S3W563 
Fax   (422)  E3VCSH 


SD— 5   Scar. eric   6  R-n   10  (335   cpm)  Wcter  Tccie 


Massccr.usetts  Military  Reservcticn 


Cra»n   3y:      3TVI 

Orotic,  Notc       SSiStC-MT.ZttC 


Cr^wtfiq  No. 

So. 10. 01 


Environmental  Consulting  Engineers 

MMR  SD-5  100/130/100 

Model  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  100%  K  field,  130%  recharge,  and  100%  pumping  rate. 

Recharge  =  35.1  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN11 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  pig)        #  of  Panicles 


ratals 


2607 


Lower  Bound  Calculation 

Total  Mass  (p.g)       Captured  Mass  (^g)     %  Mass  Captured 


24 

174 

4176 

4128 

98.85% 

2,4 

1033 

2479.2. 

2440.8 

.    98.45% 

1.2 

1400 

1680 

1648.8 

98.14% 

8335.2 


8217.6 


98.59% 


Mass  (jj.s) 


totals 


of  Particles 


Upper  Bound  Calculation 

Total  Mass  (jig)       Captured  Mass  (;ig)     %  Mass  Captured 


240 

174 

41760 

41280 

98.85% 

24 

1033 

24792 

24408 

98.45% 

2.4 

1400 

3360 

3297.6 

98.14% 

2607 


69912 


68985.6 


98.67% 


Plume  Carjture  Volume: 


Volume  per 
Particle  (ft3)" 


of  Particles      l  otal  Volume  (fr)      Captured  Volume  (ft3) 


%  Volume 
Captured^ 


8,750 


2607 


22.311,250 


22426250 


98.31% 


Volume  of  water  per  particle  using  porosity  of  35% 


*-. 


Environmental  Consulting  Engineers 

2  ft 


P.O.  Bex.  22SS3 
Kncxvifla.  TN  37S33 

PiUME    U23)  65X3663 
rax    (-120)  651-067; 


SO-5   Scencrio   6   R-jn    n    S3   Wcter   Tcbl 


Mcssccr.usetts  MFIitcry  Reservation 


Cv*a.a<3   2y:    WtC 


Oraw-ng   No. 

S6.11SS.01 


Environmental  Consulting  Engineers 


P.O.  ccx  22SS3 
Kr.oxvffle.  TN  37S23 

FTcne   (-422)  S3V3S53 
Fax    (422)  53VC6n 


SO-5   Scenario   5   Run    11    (355    gprr.)   Wcter   Tcbl 


Mcsscchusetts   Military  Reservcticn 


Orawwtg   Version   .Mo_;      3«v-  O 

Ci«c«ed  3*    «UC 

2/cwiij  None      SC:SI1-*(T.3'm: 


Crawwiq   -No- 


So. 11.01 


Environmental  Consulting  Engineers 

MMR  SD-5  130/130/100 

Mode!  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  130%  K  field,  130%  recharge,  and  100%  pumping  rate. 

Recharge  =  35.1  in/yr 

K  Field  =  ECE  defined. 

Nodes  =772421 

Elements  =707112 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN12 

Extraction  Wells  =  14  (-355  gpm) 

-  fence:  -35x2,  -20x9,  -30,  -35,  -40  gpm 
Injection  Wells  =14  (355  gpm) 

-  fence:  25x4,  30x5,  25,  20x4  gpm 

Plume  Capture,  SD-5  Mass: 


Mass  Qzg)  •      #  of  Particles 


totals 


2607 


Lower  Bound  Calculation 

Total  Mass  (jx%)       Captured  Mass  (jjlz)     %  Mass  Captured 


24 

174 

4176 

3960 

94.83% 

2.4 

1033 

2479.2 

2306.4 

93.03% 

1.2 

1400 

1680 

1612.8 

96.00% 

83352 


7879.2 


94.53% 


totals 


Upper  Bound  Calculation 


Mass  Cug) 

#  of  Particles 

Total  Mass  (£zg) 

Captured  Mass  (/xg) 

%  Mass  Captured 

240 

174 

41760 

39600 

94.83% 

24 

1033 

24792 

23064 

93.037o 

2.4 

1400 

3360 

3225.6 

96.00% 

2607 


69912 


65889.6 


94.25% 


Plume  Capture,  by  Volume: 


Volume  per 
Panicle  (ft3)' 


of  Particles      iota!  Volume  (ft3)      Captured  Volume  (ft3) 


%  Volume 
Cao  cured 


8,750 


2607 


22,811,250 


21612500 


94.74% 


*  Volume  of  water  per  particle  using  porosity  of  35% 


Environmental  CcnsuiEng  Engineers 


P.O.  Sox  22S63 
Kr-cxvale,  TN  37S23 

Pi-av:   (<23)  SSWSS3 
Fax   (423)  63VCST: 


Su-2   Sczr.cnc   6   Run    12   S3   Wcter   Tcole 


Mcsscchusetts  Miiitcry  Reserve ticn 


Oawviq   »«»»   Mo.;      »•».   0 
P'a-^c:    Nc:      CT  uufl.C? 


Qra-wnq    .No. 

Sc.12SS.0- 


Environmental  Consulting  Engineers 


^ 


P.O.  Sex  22553 
Knoxviila,  TN  37323 

Pha-xr    (422)  SSWSS3 
Fax    (-123)  531-Cen 


SD— 2   Scsncno   5   Run   12  (35o   cpm)   Wcter  Tcble 


Massachusetts  Military  Reservcticn 


Oiecxac   5yl    Vi^C 

■>cr-nq  Nome:      SOISir^T^TKC 


Craw«ig  .No. 

Sc. 12.01 


Environmental  Consulting  Engineers 

MMR  SD-5  130/130/130 

Model  Run  Summary 

6-13-96 

Model:  High  K  Box  Model 

Description:  ECE  defined  inputs  with  130%  K  field,  130%  recharge,  and  130%  pumping  rate. 

Recharge  =  35.1  in/yr 

K  Field  =  ECE  defined. 

Nodes  =  772421 

Elements  =  7071 12 

Model  Parameters:  SD-5  PCS  Scenario  #6  RUN13 

Extraction  Wells  =  14  (-461.5  gpm) 

-  fence:  -45.5x2,  -26x9,  -39,  -45.5,  -52  gpm 
Injection  Wells  =14  (461.5  gpm) 

-  fence:  32.5x4,  39x5,  32.5,  26x4  gpm 

Plume  Capture,  SD-5  Mass: 


totals 


Lower  Bound  Calculation 


Mass  (ug) 

#  of  Particles 

Total  Mass  (pig) 

Captured  Mass  (jj.g) 

%  Mass  Caotured 

24 

174 

4176 

4128 

98.85% 

2,4 

1033 

24792.    ! 

2457.6 

99.13% 

1.2 

1400 

1680 

1669.2 

99.36% 

2607 


8335.2 


8254.8 


99.04% 


Mass  (jug)        #  of  Particles 


totals 


2607 


Upper  Bound  Calculation 

Total  Mass  G^g)       Captured  Mass  (jxg)     %  Mass  Captured 


240 

174 

41760 

'  41280 

98.85% 

24 

•  1033 

24792 

24576 

99.1370 

2.4 

1400 

3360 

3338.4 

99.36% 

69912 


69194.4 


98.97% 


Plume  Capture,  by  Volume: 

Volume  per  %  Volume 

Panicle  (ft3)"      #  of  Particles     Total  Volume  (ft3)      Capcured  Volume  (ft3)  Captured 


8,750 


2607 


22,811,250 


22636250 


99.23% 


tLf 


'  Volume  of  water  per  particle  using  porosity  of  35% 


v.. 


Environmental  CcnsuJEng  Engineers 


P.O.  Box  2255a 
K^cxviile.  TN  37S33 

Ptena:    (423)  S3«663 
Fax    (-422)  BST-CSTi 
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Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6D 

Model  Run  Summary 

5-20-96 

Model;  Constant  head 
Recharge  =  29  in/yr 
Nodes  =  415298 
Elements  =  378828 

Weils  =  28 

-  3  extraction  wells  (-20  gpm) 

-  8  extraction  wells  (-25  gpm) 

-  3  extraction  wells  (-35  gpm) 

-  14  injection  wells  (26.07  gpm) 

-  TOTAL  PUMP  RATE  =  365  GPM 

Plume  Particle  Capture: 

-  SD5NORTH:  83-51%  capture. 

-  SD5SOUTH:  1.21%  capture. 

-  Western  Aquifarm:  38-53%  capture. 

-  PFSA:  0.45%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  caotured. 
2948  of  the  41 84  particles  are  upgradient  (Y  >  236570)  of  this  line. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6E 

Model  Run  Summary 

5-21-96 

Mode!:  Constant  head 
Recharge  =29  in/yr 
Nodes  =  415298  " 
Elements  =  378828 

Wells  =  28 

-  3  extraction  wells  (-15  gpm) 

-  4  extraction  wells  (-20  gpm) 

-  4  extraction  wells  (-25  gpm) 

-  3  extraction  wells  (-35  gpm)  _ 

-  14  injection  wells  (23.57  gpm) 

-  TOTAL  PUMP  RATE  =  330  GPM 

Plume  Particle  Capture: 

-  SD5NORTH:  84.40%  capture. 

-  SD5SOUTH:  121%  capture.     - 

-  Western  Aquifarm:  45.88%  capture. 

-  PFSA:  0.09%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6T 

Model  Run  Summary 

5-21-96 

Model:  Constant  head 
Recharge  =  37.7  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  3  extraction  wells  (-20  gpm) 

-  8  extraction  wells  (-25  gpm) 

-  3  extraction  wells  (-35  gpm) 

-  14  injection  wells  (26.07  gpm) 

-  TOTAL  PUMP  RATE  =  365  GPxM 

Plume  Particle  Capture: 

-  SD5N  (north):  70.92%  capture. 

-  SD5S  (south):  3.57%  capture. 

-  Western  Aquifarm:  61.72%  capture. 
-PFSA;  0.18%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
particles  originating  down  gradient  from  this  value  are  not  likely  to  be  caDtured. 
2948  of  the  41 84  particles  are  upgradient  (Y  >  236570)  of  this  line. 


Environmental  Consulting  Engineers 

MMR  SD-5  PCS  Scenario  #6  Run  6G 

Model  Run  Summary 

5-21-96 

Model:  Consume  head 
Recharge  =  20.3  in/yr 
Nodes  =  415298 
Elements  =  378828 

Wells  =  28 

-  3  extraction  wells  (-20  gpm) 

-  8  extraction  wells  (-25  gpm) 

-  3  extraction  wells  (-35  gpm) 

- 14  injection  wells  (26.07  gpm) 

-  TOTAL  PUMP  RATE  =  365  GPM 

Plume  Particle  Capture: 

■  -SD5NORTH:  85.14%  capture. 

■  -  SD5SOUTH:  6.55%  capture. 

-  Western  Aquifarm:  46.5 1%  capture. 

-  PFSA:  0.98%  capture. 

NOTE:  Minimum  northing  (Y)  value  for  extraction  wells  is  236570,  thus  SD-5 
•  '         particles  originating  down  gradient  from  this  value  are  not  likely  to  be  captured. 
2948  of  the  4184  particles  are  upgradient  (Y  >  236570)  of  this  line. 
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APPENDIX  C 


September  12, 1596 


Calgon  Carbon  Corporation 

for 

Jacobs  Engineering  Group,  Inc. 

Environmental  Division 

4848  Loop  Central  Drive 

Houston,  Texas  77081 


Carbon  Adsorption  System  Design:  OTIS  ANGB 

To  aid  Jacobs  Engineering  in  the  selection  of  the  most  cost  effective  treatment  system  for  remediation  of  the 
contaminated  plumes  located  at  the  OTIS  Air  National  Guard  Base  in  Massachusetts,  Calgon  Carbon 
Corporation  has  developed  the  following  report. 

A.  Fuel  Spill  12  Site 

There  are  two  contaminated  plumes  at  the  OTIS  ANGB  site  to  remediate.  The  first  plume  to  be  address  is 
the  Fuel  Spill  12  which  will  have  a ^  treatment  flowrate  of  1015  gpm.  We  have  investigated  three  (3)  options 
for  treatment  at  the  Fuel  Spill  12  Site: 

1 .  Current  Specified  System-  3-2  Stage  Systems  following  UV-OX 

The  current  specified  design  is  three  (3)  UV/OX  units  followed  by  wrfKHipolishmg  utilizing  three  (3)  Model 
1 0  Carbon  Adsorption  Systems.    The  Model  10  system  is  a  dual  bed  carbon  adsorption  system,  each  bed 
having  a  carbon  capacity  of  20,000  lbs,  with  8"  diameter  interconnecting  process  and  backwash  piping  and  4" 
diameter  carbon  fill  and  discharge  piping.  The  mterconnecting  piping  arrangement  allows  for  series  and/or 
parallel  operation  of  each  Model  1 0  unit  For  this  particular  treatment  pattern  each  unit  will  handle  a  flowrate 
of  33  8  gpm  and  will  be  operated  in  series  and  will  follow  UV/OX  treatment  This  represents  a  contact  time 
of  15  minutes  per  stage,  or  30  minutes  total  which  is  more  than  adequate  for  adsorption  of  low  levels  of 
VOC's.  Accordingly  UV/OX  treatment  is  expected  to  remove  the  organic  compounds  down  to  a  carbon 
polishing  level  of  ethylene  dibromide  4.2  ppb  and  benzene  22  ppb.  Based  on  these  influent  concentrations  to 
the  carbon  polishing  system  the  calculated  carbon  use  rate  is  0.03  lbs/1000  gallons  which  would  result  in  an 
annual  carbon  consumption  of  16,000  pounds.  However  because  of  the  relative  inaccuracy  when  predicting 
use  rates  at  extremely  low  levels  a  realistic  carbon  use  rate  of  0.1  lbs/1000  gallons  is  recommended.  This  will 
result  in  a  use  rate  of  about  54,000  pounds  per  year,  or  one  carbon  changeout  per  year.  The  following  table 
summarizes  capital  and  operating  costs  for  the  Current  System  Design: 


Specified  System 


(3)Modell0*s  -125psig  -8" 
pipe 


Annual  Operating  Costs  @ 
Sl.O/lb  carbon 


554,000 


Capital  Costs  for  Three  (3) 
Model  10  Systems 


5430,000 
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The  specified  system  design  has  considerable  excess  capacity.  As  discussed  in  the  Alternative  Design,  a 
viable  design  would  reduce  the  system  to  two  (2)  Model  10  Systems.  The  above  specified  system  would  have 
the  following  advantages: 

l)Flexibility:  The  specified  systemhas  additional  flow  capacity,  and  can  handle  up  to  50%  more  flow  and 
still  be  within  normal  process  design  parameters. 

2)Reliability :  Full  train  redundancy.  The  entire  design  flow  can  be  managed  by  two  trains  as  described 
below,  then  a  train  could  be  down  for  maintenance  and  full  flow  could  still  be  treated. 

3)Operation:  There  is  extended  time  between  carbon  exchanges  (on-line  time)  by  having  50%  more  carbon 
on-line  than  would  be  required  by  normal  process  design  parameters. 

It  should  be  noted  that  we  also  investigated  carbon  treatment  without  the  use  of  UV/OX  an  the  calculated 
carbon  bum  rate  was  0.5  lbs/1000  gallons  utilizing  the  use  of  three  (3)  model  10  systems.  The  usage  rate 
was  determined  by  assuming  that  the  unidentified  TOC  of  6  ppm  was  comprised  of  normal  encountered 
hydrocarbons  from  gasoline.  This  usage  rate  estimate  therefore,  is  highly  speculative.  The  following  table 
summarizes  the  findings: :'"' " '  ~ ' 


Specified  System 


^MbdellO's-nSpsig-S' 
pipe 


Annual  Operating  Costs  @ 
Sl.O/Ib  carbon 


5267,000 


Capital  Costs  for  Three  (3) 
Model  10  Systems 


5430,000 


2,  Alternative  #1A  -  2-2  Stage  Systems  following  UV/OX 

This  option  deals  with  treatment  of  the  waters  with  the  use  of  two  (2)  Model  10  systems  after  UV/OX 
treatment.  Each  Model  10  system  will  be  designed  to  handle  half  the  1015  gpm  or  about  507  gpm  and  will 
operate  in  series.  This  will  allow  for  about  10  rnimites  contact  time  per  bed  or  20  minutes  per  system  and  is 
more  than  adequate  for  these  organic  and  their  influent  levels  of  contaminant  concentration.  The  annual 
operating  costs  for  this  systems  reflecting  carbon  usage  will  be  identical  to  the  specified  option  above, 
however,  the  capital  costs  would  be  considerably  less.  In  addition  this  particular  design  allows  for  additional 
capacity  and  flexibility  if  the  influent  concentration  and/or  flowrate  were  to  vary.  The  pricing  and  annual 
operating  cost  for  this  alternative  is  summarized  below: 


Specified  System 

Annual  Operating  Costs  @ 
Sl.O/lb  carbon 

Capital  Costs  for  Two  (2) 
Model  10  Systems 

(2)Modell0's-125psig-8" 
pipe 

554,000 

S290,000 
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The  2-Model  1 0  System  would  be  the  design  recommended  by  Calgon  Carbon  if  two-stage  treatment  were 
mandated  by  the  client  This  design  meets  process  design  requirements  such  as  contact  time  per  stage  (10 
minutes)  and  surface  loading  rates  (6.5  gpm/sf).  The  system  will  also  result  in  a  moderate  pressure  drop  to 
allow  direct  pumping  from  the  well,"  through  the  adsorption  system  and  into  the  distribution  system. 

Advantages  of  the  use  of  two  Model  10  systems  following  UV/OX  is: 

l)Flexibility:  There  is  still  an  additional  flow  capacity  of  up  20%  excess,  which  would  still  maintai-n  contact 
times  >  7  minutes  per  stage. 

2)Operation:  Optimize  carbon  consumption  because  of  series  operation  for  low  level  VOC  applications.  The 
carbon  usage  will  not  be  any  less  than  for  the  specified  design 

3)Effluent  Quality  Assurance:  The  two  stage  design  still  maintains  a  complete  second  stage  on-line  to  assure 
effluent  quality.  - 

This  first  alternative  can  very  easily  be  incorporated  into  the  specified  design  without  additional  design  costs 
by  merely  elrminating  one  of  the  Model  10  system  from  the  Scope  Of  Work.  The  3rd  System  could  be 
maintained  on  all  drawings  and  layouts  as  a  "dotted  line"  or  "shadow"  item  for  possible  additions  later  should 
flow  requirements  increase.  ■"'-". "  ~  /    '.."'.  . 

3.  Alternative  #2A  -  2-1  Stage  System  following  TJV/OX 

The  cost  effective  option  from  a  capital  standpoint  for  treatment  of  the  Fuel  Spill  12  area  is  with  the  use  of 
one  (1)  Model  1 0  System  connected  for  parallel  use  only.  Each  vessel  will  handle  507  gpm  and  will  provide 
1 0  minutes  of  contact  time  and  provide  single  stage  carbon  polishing.  The  adsorption  system  will  follow 
UV/OX  treatment  and  will  essentially  act  as  a  second  stage  in  the  UV/OX-Carbon  treatment  scheme.  La-bed 
sample  taps  located  at  three  (3)  different  locations  in  the  carbon  bed  of  each  vessel  will  allow  sampling 
throughout  the  carbon  bed  to  assure  that  break  through  does  not  occur.  Single  stage  carbon  treatment  has 
been  accepted  by  many  Potable  Water  Systems  such  as  Suffolk  Count  y  Water  Authority,  City  of  Modesto 
and  City  of  Rockford.  The  capital  cost  for  this  alternative  is  the  most  economical  and  the  annual  carbon 
consumption  will  be  within  +/-  20%  of  the  above  two  options  which  utilize  multiple  systems.  As  described 
under  the  first  two  options,  the  usage  rate  for  economic  analyses  is  recommended  to  be  0. 1  lbs/1 00  gallons, 
so  the  usage  rate  for  the  single  stage  treatment  would  not  be  expected  to  be  substantially  different. 


Specified  System 


(l)Modell0's-125psig-8" 
pipe 


Annual  Operating  Costs  @ 
SI  Mb  carbon 


554,000  +/-  20% 


Capital  Costs  for  One  (1) 
Model  10  System 


5145,000 


The  single  stage  system  design  would  be  recommended  by  Calgon  Carbon  for  treatment  where  ininimization 
of  capital  is  required. 
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The  advantages  to  the  use  of  one  (1)  Model  10  system  following  UV/OX  is: 

l)Cost  Most  cost  effective  design  still  providing  ample  contact  time.  Single  stage  design  has  been  accepted 
by  many  potable  water  systems 

2)Monitoring:  The  downflow  fixed  bed  design  aflows  for  the  adsorption  zone  to  move  through  the  bed  in  a 
plug  flow  manner,  so  protection  of  effluent  quality  using  the  carbon  adsorption  process  is  still  assured. 

3)Total  Treatment  Costs:  Considering  both  capital  an  operating  costs,  the  single  stage  design  provides  the 
lowest  overall  treatment  costs. 

R         Storm  Drain  #5  Site 

Further  analyses  on  the  Storm  Drain  #5  location  having  a  treatment  flowrate  of  450  gpm  and  utilizing  carbon 
treatment  resulted  in  the  following  options: 

li  Current  Specified  System  -  2-2  Stage  Carbon  Adsorption  Systems  (Carbon  OnM 

The  current  tieatinent  scheme  involves  two  (2)  Model  10  systems  each  operating  in  a  scries  operating  mode 
and  handling  a  225  gpm  flowrate.  This  represents  a  contact  time  of  23  minutes  per  stage  ox  >  45  minutes 
total  Contaminants  in  the  drain  waters  incbdes methylene  chloride  at  an  influent  concentration  of  0.35  ppb. 
Methylene  chloride  is  difficult  to  removal  and  the  carbon  use  rate  is  difficult  to  evaluate.  The  usage  rate  to 
remove  methylene  chloride  to  non-detectable  levels  is  estimated  to  be  1 24  lbs/1 000  gallons  or  294,000 
lbs/year.    However,  based  on  this  in  fluent  concentration  to  the  carbon  system  the  calculated  carbon  use  rate 
estimate  for  removal  without  methylene  chloride  removal  the  usage  rate  is  0.02 1  lbs/1 000  gallons  which 
would  result  in  an  annual  carbon  consumptioB  of  5,000  pounds.  However  a  carbon  use  rate  of  0. 1  lbs/1 000 
gallons  was  used.  This  will  result  in  a  use  rate  of  about  24,000  pounds  per  year,  or  one  carbon  change  out 
per  20  months.  The  following  TABLE  presents  the  Capital  costs  for  the  system  and  the  annual  operating 
costs  with  and  without  methylene  chloride  reroovaL 


Specified  System 


(2)ModellO's-125psig-8" 
pipe  -  With  methylene  chloride 

removal 


(2)ModellO?s-125psig-8" 

pipe  -  Without  methylene 

chloride  removal 


Annual  Operating  Costs  @ 
Sl.O/Ib  carbon 


5294,000 


524,000 


Capital  Costs  for  Two  (2) 
Model  10  Systems 


5290,000 


5290,000 
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The  specified  system  design  for  the  storm  drain  #5  has  considerable  excess  capacity.  As  discussed  above  a 
viable  design  would  reduce  the  system  to  one  (1)  Model  10  System.  The  above  specified  system  would  have 
the  following  advantages: 

l)Flexibility:  The  specified  system  has  additional  flow  capacity,  and  can  handle  up  to  50%  more  flow  and 
still  be  within  normal  process  design  parameters. 

2)ReIiability:  Full  train  redundancy.  The  entire  design  flow  can  be  managed  by  two  trains  as  described 
below,  then  a  train  could  be  down  for  maintenance  and  full  flow  could  still  be  treated 

3)Operation:  There  is  extended  time  between  carbon  exchanges  (on-fine  time)  by  having  50%  more  carbon 
on-line  than  would  be  required  by  normal  process  design  parameters. 


2,  Alternative  #1B  - 1-2  Stage  System  followed  bv  UV/OX 

This  option  considered  one  (1)  Model  10  system  connected  for  series  operation  treating  the  450  gpm  flowrate 
with  an  estimated  5  psi  pressure  drop  (based  on  clean  filtered  waters)  followed  by  UV/OX  treatment  for 
removal  of  the  methylene  chloride.  Carbon  adsorption  will  remove  all  contaminants  except  for  methylene 
chloride.  The  UV/OX  process  will  be  more  effective  removing  methylene  chloride  without  the  competition 
from  the  other  organic  compounds.  The  contact  time  will  be  about  12  minutes  per  bed  or  24  minutes  for  the 
series  operated  system  The  predicted  carbon  use  rate  is  based  on  the  Trichloroethylene  (TCE)  carbon  use 
rate  which  was  calculated  as  0.021  lbs/1000  gallons.  However  as  before  a  carbon  use  rate  of  0.1  lbs./ 1000 
gallons  was  used  for  conservative  purposes.  The  Capital  and  annual  operating  costs  for  this  scenario  are  is 
follows: 


Specified  System 


MModellO's-nSpsig-S" 
pipe 


Annual  Operating  Costs  i 
Sl.O/lb  carbon 


524,000 


Capital  Costs  for  One  (1) 
Model  10  System 


5146,000 


The  1-Model  10  System  would  be  the  design  recommended  by  Calgon  Carbon  if  two-stage  treatment  were 
mandated  by  the  client  This  design  meets  process  design  requirements  such  as  contact  time  per  stage  (12 
minutes)  and  surface  loading  rates  (5.7  gpm/sf).  The  system  will  also  result  in  a  moderate  pressure  drop  to 
allow  direct  pumping  from  the  well,  through  the  adsorption  system  and  into  the  distribution  system. 

Advantages  of  the  use  of  one  Model  10  systems  following  UV/OX  is: 

l)Flexibility:  There  is  still  an  additional  flow  capacity  of  up  20%  excess,  which  would  still  maintain  contact 
times  >  7  minutes  per  stage. 
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2)Operation:  Optimize  carbon  consumption  because  of  scries  operation  for  low  level  VOC  applications.  The 
carbon  usage  will  not  be  any  less  than  for  the  specified  design 

3)Effluent  Quality  Assurance:  The  two  stage  design  still  maintains  a  complete  second  stage  on-line  to  assure 
effluent  quality. 


3,  Alternative  #2B  -  Single  Stage  System  followed  bv  UV/OX 

The  most  cost  effective  option  for  treatment  of  the  Storm  Drain  £5  area  is  with  the  use  of  one  (1)  Model  1 0 
Single  vessel  with  20,000  pounds  of  virgin  granular  activated  carbon  on-line.  The  single  vessel  will  handle 
450  gpm  and  will  provide  12  minutes  of  contact  time.  The  vessel  will  precede  UV/OX  treatment  and  will 
remove  all  compounds  except  for  the  methylene  chloride.  The  methylene  chloride  will  be  remove  by  the 
UV/OX  system.  In  addition  the  UV/OX  unit  will  serve  as  a  second  stage  in  the  treatment  process  to  protect 
effluent  water  quality.  The  carbon  adsorber  bed  will  be  designed  with  in-bed  sample  ports  to  allow  the 
carbon  bed  to  be  run  close  to  full  utilization  and  maintain  design  effluent  water  quality.  The  capital  and 
annud  operating  costs  is  as  follows:  ••-.::  '     .      ";-   -r '":    ^      -    --/  - 


Specified  System 


(1)  Model  10  Single  Vessel 
125psig-8"pq>e 


Annual  Operating  Costs  @ 
S1.0/D)  carbon 


524,000 


Capital  Costs  for  One  (1) 
Model  10  Single  Vessel 


$80,000 


The  advantages  to  the  use  of  the  single  stage  Model  10  system  followed  by  UV/OX  is: 

l)Cost:  Most  cost  effective  design  still  providing  ample  contact  time  with  in-bed  sampling  possible.  In 
addition  UV/OX  will  act  as  a  second  stage  to  protect  effluent  quality. 

2)Monitoring:  The  downflow  fixed  bed  design  allows  for  the  adsorption  zone  to  move  through  the  bed  in  a 
plug  flow  manner,  so  protection  of  effluent  quality  using  the  carbon  adsorption  process  is  still  assured 

3)Total  Treatment  Costs:  Considering  both  capital  an  operating  costs,  the  single  stage  design  provides  the 
lowest  overall  treatment  costs. 

In  all  the  above  analyses  the  capital  costs  for  the  systems  included  carbon  freight,  equipment  freight, 
installation  supervision,  initial  fill  supervision  and  start-up  training.  In  addition  the  annual  operating  costs 
included  carbon  exchange,  provided  carbon  acceptance  has  been  established,  performed  by  Calgon  Carbon 
Corporation  taking  responsibihty  for  complete  removal  of  spent  carbon  and  replacement  with  fresh  virgin 
granular  activated  carbon  using  hydraulic  transfer. 

Specifications  and  drawings  (flow  diagram,  plan  view,  elevation  view,  footprint  and  assembly 
drawing)  have  been  included  as  part  of  this  information  package. 
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C.  GENERAL  DISCUSSION:  CARBON  ADSORPTION  PROCESS  RELATIVE  TO 
OTHER  TREATMENT  TECHNOLOGIES 

The  preceding  Sections  presented  Capital  and  Operating  Costs,  and  relative  advantages  to 
different  process  designs  for  Alternative  Carbon  Adsorption  System  Designs  for  the  two  sites  at 
Otis  ANGB. 

This  discussion  will  discuss  design  features  and  advantages  of  the  carbon  adsorption  process 
relative  to  other  water  treatment  processes,  rather  than  between  different  adsorption  system 
designs. 

1)  ACCEPTANCE 

Adsorption  with  Activated  Carbon  is  one  of  the  most  widely  used  treatment  technologies  for 
potable  water  systems.  The  Safe  Drinking  Water  Act  Amendments  of  1986  established  activated 
carbon  treatment  as  the  "yardstick"  by  which  other  treatment  technologies  are  to  be  evaluated  in 
the  control  of  synthetic  organic  chemicals. 

2)  EFFICIENCY  /  FLEXIBILITY 

Carbon  adsorption  is  generally  accepted  to  be  99+%  efficient  in  the  removal  of  synthetic  organic 
chemicals.  If  a  compound  is  adsorbable,  h  is  essentially  completed  removed  until  the  adsorptive 
capacity  of  carbon  for  that  contaminant  is  used  up,  or  the  carbon  is  "spent".  The  process  of 
adsorption  takes  place  in  a  "zone"  that  moves  progressively  through  the  carbon  bed,  until  it 
reaches  the  bed  outlet  The  capacity  of  carbon  may  be  effected  by  levels  and  type  of 
contaminants,  and  the  movement  of  the  adsorption  zone  may  be  affected  by  flowrate,  but  the 
efficiency  will  not  be  affected.   Therefore,  the  adsorption  process  is  highly  flexible  with  regards 
to  changing  process  conditions;  the  usage  rate  may  be  affected  ( and  thereby  operating  costs  ), 
but  the  system  will  not  require  redesign  or  modification  if  process  conditions  change. 

3)  SYSTEM  CONTROLS 

The  carbon  adsorption  system  is  a  downflow  fixed  bed  design.  The  system  can  take  wide 
variations  in  flow  conditions,  including  on-off  (  demand  well )  conditions.  There  is  no  need  to 
maintain  flow  control  (  steady  state  conditions  )  prior  to  the  adsorption  process.  The  system 
receives  the  well  water  at  design  pressures;  there  is  no  need  to  increase  the  system  pressure  to 
have  the  system  effectively  treat  the  water  (  at  added  energy  /  capital  costs  ).  There  is  also  no 
need  to  have  emergency  shut  down  controls  to  monitor  the  loss  of  system  components  ( i.e. 
blower  failure  in  an  airstripper  design  will  cause  instantaneous  loss  of  treatment ).  Generally  all 
that  is  required  is  monitoring  of  system  pressure  drop,  and  this  is  more  for  mamtaining  process 
flow  rather  than  effluent  quality. 
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4)  AUXILIARY  EQUIPMENT 

The  carbon  adsorption  system  is  a  pressurized  flow  through  system,  and  as  such  will  not  require 
water  collection  and  repumping  after  treatment  As  a  downflow  fixed  media  bed,  there  is  also  no 
additional  power  or  control  equipment  required.  As  the  activated  carbon  media  is  replaced  when 
spent,  there  is  no  need  for  media  regenerant  handling  equipment  ( i.e.  resins  ).  There  is  no  need 
for  booster  pumps  or  other  pretreatment  steps  (  see  referenced  sites  in  Appendix  ). 

5)  CONSUMABLES 

The  only  consumable  associated  with  the  activated  carbon  process  is  the  activated  carbon  itself. 
The  spent  activated  carbon  is  removed  from  the  site  and  sent  to  a  reactivation  facility;  whereby 
through  the  thermal  reactivation  process  the  contaminants  are  thermally  destroyed  and  the 
activated  carbon  is  reclaimed  for  reuse  -  in  other  processes  such  as  industrial  or  remedial  waste 
treatment.  The  cost  of  the  ultimate  destruction  of  the  contaminants  is  included  in  the  cost  of 
replacement  carbon. 

As  the  contaminants  are  managed  and  destroyed  in  the  handling  of  the  spent  carbon,  there  are  no 
additional  costs  for  media  maintenance  or  contaminant  destruction.  There  are  no  on-site 
regenerant  streams  to  either  purchase  or  manage  when  they  are  spent^  There  is  no  media  that  will 
foul  and  require  chemical,  acid  or  caustic  cleaning.  There  is  no  media  or  membranes  that  may 
foul  over  time  and  require  complete  exchange  and  associated  disposal.  The  operating  costs 
presented  here  represent  all  of  the  consumables  and  there  are  no  other  hidden  charges. 

6)  SAFETY 

The  adsorption  system  is  a  completely  enclosed  system,  there  is  no  exposed  parts,  media  or 
chemicals  that  would  require  extraordinary  safety  precautions.  The  spent  carbon  is  managed  in  a 
"closed  loop"  process  whereby  the  carbon  is  transferred  as  a  slurry,  in  hoses,  to  and  from 
enclosed  trailers.   There  is  no  need  to  handle  potentially  hazardous  regenerant  or  cleaning 
chemicals  at  the  site. 

7)  MAINTENANCE 

The  adsorption  system  is  a  fixed  media  bed,  and  as  such  has  no  moving  parts  or  controls 
requiring  frequent  operator  attention  or  maintenance.  Maintenance  costs  are  usually  proportional 
to  the  characteristics  of  the  water  to  be  treated  (  corrosion  )  or  frequency  of  carbon  exchanges 
( erosion  of  lining  and  piping  );  so  with  groundwater  being  the  water  to  be  treated,  this 
maintenance  will  be  very  low. 
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SPECIFICATION      (  Sample ) 

Modular  Model  10  Adsorption  System 

using 

Granular  Activated  Carbon 
*  *  * 

PART  1  GENERAL 

1.01  SECTION  INCLUDES 

A.  Carbon  Adsorption  Hardware 

B.  Granular  Activated  Carbon 

C.  Manufacturer's  Services 

1.02  RELATED  SECTIONS 

A.         

1.03  REFERENCES 

A.         American  Society  of  Mechanical  Engineers  (  ASME  ): 

1.  ASME  Section  VIII  Division  I  -  American  Society  of  Mechanical  Engineers 
Boiler  and  Pressure  Vessel  Code. 

2.  ASME/ANSI  BI6.5  American  Society  of  Mechanical  Engineers/ American 
National  Standards  Institute. 

3.  U.S.  Food  and  Drug  Administration,  21  CFR  175.300  and  177.2420. 

4.  Steel  Structures  Painting  Council  Surface  Preparation  Specifications  and 
National  Association  of  Corrosion  Engineers. 

5.  ASME  Section  IL  American  Society  of  Mechanical  Engineers  -  Materials, 
Parts  A,  B,  &  C. 

6.  ASTM  American  Society  of  Testing  Materials. 

7.  American  Waste  Water  Association  (AWWA)  B604-90,  standard  for 
granular  activated  carbon. 

8.  ANSI/NSF  Standard  Drinking  Water  System  Components  -  Health 
Effects. 
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1.04  DEFINITIONS 

GAC  -  Granular  Activated  Carbon 

GACAS  -  Granular  Activated  Carbon  Adsorption  System 

1.05  SYSTEM  DESCRIPTION 

A.  The  Contractor  shall  furnish  and  install  the  Modular  Model  1 0 
Carbon  Adsorption  System  described  herein.  Each  system 
includes  the  following: 

1.  Carbon  Adsorber  (2)  with  internals  for  carbon  retention 

2.  Activated  Carbon 

3.  Influent,  effluent  and  backwash  piping  with  valves 

4.  Carbon  fill  and  discharge  piping  with  valves 

5.  Vent  and  pressure  relief  piping 

6.  Water  piping  and  utility  connections 

7.  Accessories  as  shown  below 

8.  Manufacturers  Services.  * 

B.  The  vessel(s),  piping,  valves  and  carbon  functions  as  a  system 
and  shall  be  the  end  products  of  Calgon  Carbon  Corporation 

or  equal,  to  achieve  standardization  for  appearance,  « 

operation,  maintenance,  spare  parts,  and  manufacturer's 

services. 


C.  There  will  be  (  )  modular  model  10  carbon  adsorption 

systems  required,  as  delineated  below: 

Pressure  Drop  Pressure  Drop 

System  #  Quantity  GPM/Adsorber    Normal  Operation         Backwash 

(Maximum)  (Maximum) 


i. 

2. 

*■> 
j  . 
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1.06  SUBMITTALS 


Submit  the  following  items  at  the  same  time  under  one  cover 
( weeks  after  receipt  of  order  ): 

1.  Documentation  of  (_)  GAC  water  treatment  systems  completed 
by  the  supplier  with  the  following  information: 

a.  Description  of  GA  water  treatment  systems  completed  by  the  supplier 
including  flow,  system  design  (operating  mode,  carbon  removal  system, 
etc.),  absorber  vessel  sizing,  contaminants  treated,  and  treatment 
efficiency. 

b.  Reference  information  including  customer  name  and  contact  person, 
phone  number,  site  location,  and  date  of  installation. 

2.  Provide  a  description  of  the  proposed  adsorption  system  including  flow, 
contact  time,  system  design,  and  operating  modes. 

3.  Provide  absorber  vessel  specification  including  design  pressure,  dimensions 
and  capacity. 

4.  Provide  GACAS  flow  diagram  showing  all  valuing,  components, 
instrumentation,  and  service 

5.  Provide  GACAS  general  arrangement  showing  approximate  dimensions, 
weights,  and  elevations  and  influent,  effluent,  backwash,  and  carbon 
exchange  connection  locations. 

6.  Provide  pressure  drop  information  across  system 

7.  Provide  description  of  adsorber  vessel  GAC  loading  and  removal  procedures 
for  system 
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8.  Provide  specification  of  GAC  to  be  utilized  in  the  system.  Provide  recent 
lot  laboratory  analyses  results  to  demonstrate  that  GAC  supply  is  in 
accordance  with  published  specifications. 

9.  Equipment  Performance  Bond  for  100%  of  the  material  and  labor  costs, 

F.O.B. ,  for  all  equipment  supplied  by  the  Modular  Model  10 

Carbon  Adsorption  System  Manufacturer.  The  bond  shall  guarantee  that  all 
defects  or  failures  will  be  corrected  within  the  guarantee  period  of  one  year 
and  shall  remain  in  force  for  that  period  commencing  upon  final  acceptance 
of  the  construction  contract. 

■ 
B.  Submit  also  the  following  ( weeks  after  receipt  of  order) 

1. Project  schedule 

2.Flow  schematic  drawing 

3. Vessel  drawings  • 

4.Detailed  drawings  showing  equipment  arrangement,  weights,  size,  and 

location  of  all  anchor  bolts  and  nuts,  and  dimensional  setting  plan. 

5. Operation  and  Maintenance  Instructions 

PART  2  PRODUCTS 

2.01  GENERAL 

- 
A.  The  Contract  Documents  indicate  specific  required  features 

of  the  equipment,  but  do  not  purport  to  cover  all  details  of 
design  and  construction. 

■' 

2.02  CARBON  ADSORBER  VESSEL  (S) 

A.  The  carbon  adsorber  vessel(s)  shall  be  Modular  Model  10  Carbon  Adsorption 

System  Vessels,  as  supplied  by  Calgon  Carbon  Corporation,  or  equal,  which 
meets  these  specifications. 


B.  The  carbon  adsorber  vessel  shall  be  fabricated  of  carbon  steel,  conforming  to 

ASTM  A5 1 6  grade  70,   lO'-O"  diameter  by  12'-0"  straight  side  height  with  2: 1 
elliptical  top  and  bottom  heads.  The  vessel  shall  be  designed,  constructed  and 
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stamped  in  accordance  with  ASME  Section  VIII  and  registered  with  the 
National  Board  for  a  design  pressure  rating  of  125  psig  (Optional  75  psig)  at 
140  degrees  F.  Each  vessel  will  be  provided  with  one  (1)  20"  diameter  round 
manway  located  on  the  lower  straight  side  portion  of  the  vessel  and  one  (1) 
14"X18"  elliptical  manway  located  on  the  bottom  head.  The  vessels  will  be  free 
standing  vessels  with  four  (4)  structural  steel  support  legs. 

C.  The  structural  aspects  of  the  vessel  shall  be  sufficient  to  meet  the  UBC 
requirements  for  seismic  Zone  4.  Manufacturer  shall  submit  detailed 
calculations  illustrating  the  seismic  characteristics  of  the  proposed  vessel. 
Failure  to  meet  this  submittal  requirement  shall  invalidate  the  award. 

D.  UNDERDRAIN:  Each  vessel  will  be  equipped  with  an  internal  cone  bottom 
(45  degree  angle)  underdrain  system  equipped  with  polypropylene  (ppl) 
underdrain  nozzles  to  provide  a  minimum  of  one  (1)  nozzle  for  every  nominal 
square  foot  of  underdrain. 

E.  SURFACE  PREPARATION:AU  surfaces  will  be  degreased  prior  to 
sandblasting.  The  adsorber  internal  surface  that  will  be  lined  will  be  blasted  to 
a  white  metal  surface  (SSPC-SP5)  to  provide  a  3  to  4  mil  anchor  pattern.  The 
exterior  of  the  adsorber  will  be  power  tool  cleaned  to  the  degree  specified  by 
SSPC-SP2-63. 

F.  LINING:  The  interior  surfaces  of  each  vessel  are  lined  with  a  nominal  35  to  45 
mils  dry  film  thickness  (dft)  Wisconsin  Protective  Coatings  Plasite  "4000  series" 
lining  materials.  The  interior  surfaces  under  the  internal  cone  bottom  will  also 
be  lined  with  10  to  12  mils  dry  film  thickness  (dft)  Wisconsin  Protective 
Coatings  Plasite  "4000  series"  materials.  Plasite  "4000  series"  meets  the 
requirements  of  the  U.S.  Federal  Register,  Food  and  Drug  Regulations  Title 
21,  Chapter  1,  Paragraph  175.300. 

G.  PAINTING:  The  exterior  surface  of  the  adsorbers  will  be  painted  to  a  dry  film 
thickness  of  10  -  12  mils  with  an  epoxy  mastic  (gray  color)  paint  material. 
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2.03  PROCESS  AND  UTILITY  PIPING 

A.  GENERAL:The  process  and  utility  piping  on  the  adsorption  system  will 

include  influent  water  to  the  system,  treated  water  and  backwash  supply  and 
discharge,  adsorber  vent  lines,  and  granular  activated  carbon  supply  and 
discharge  piping. 

The  influent  and  effluent  piping  network  allows  series  (lead/lag)  and  parallel 
only  flow  patterns.  Lead/lag  flow  sequencing  allows  either;  a.)  flow  from  the 
influent  flange,  to  Adsorber  A,  to  the  pipe  module,  to  Adsorber  B,  to  the  pipe 
module  then  to  the  effluent  flange,  or  b.)  flow  from  the  influent  flange,  to 
Adsorber  B,  to  the  pipe  module,  to  Adsorber  A,  to  the  pipe  module  to  the 
effluent  flange.  The  change  in  flow  pattern  is  accomplished  with  a  change  of 
valve  positions.  The  purpose  of  lead/lag  flow  sequencing  allows  an  adsorber  to 
act  as  an  on-line  backup  and/or  provides  for  sufficient  contact  time  to  allow 
adsorption  of  the  contaminants  of  concern. 

B.  PROCESS  PIPING:  All  process  piping  (influent/effluent  and  backwash)  will 
be  8"  diameter  (6"  diameter-Optional)  constructed  of  schedule  40  carbon  steel, 
ASTM  53  Grade  B  materials  with  cast  iron  flanged  fittings. 

C.  VENT  PIPING:  Vent  piping  will  be  3 "  diameter  constructed  of  schedule  40 
carbon  steel,  ASTM  53  Grade  B  materials  with  cast  iron  flanged  fittings. 

D.  CARBON  FELL  PIPING:Carbon  fill  piping  will  be  4"  diameter  constructed  of 
schedule  40  carbon  steel,  ASTM  53  Grade  B  materials. 

E.  CARBON  DISCHARGE  PIPINGCarbon  discharge  piping  will  be  4"  diameter 
constructed  of  schedule  40  polypropylene  lined  carbon  steel  ASTM  53  Grade 
B  materials  with  cast  iron  flange  fittings. 

F.  UTILITY  PIPING:Utility  piping  will  be  threaded  schedule  80  carbon  steel 
ASTM  A53  Grade  B  materials. 
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G.  SURFACE  PR£PARATI0N:A11  piping  surfaces  will  be  power  tool  cleaned  to 

the  degree  specified  by  SSPC-SP2-63. 

H.  PAINTING:  The  exterior  surface  of  the  piping  will  be  painted  to  a  dry  film 

thickness  of  10  -  12  mils  with  an  epoxy  mastic  (gray  color)  paint  material  prior 
to  assembly  to  ensure  minimum  oxidation  at  flanged  connections. 

I.  PIPING  FRAME:  The  piping  network  will  be  provided  with  a  structural  steel 

support  frame  for  support  of  the  piping  module. 

2.04      PROCESS/UTILITY  VALVING 

A.  GENERAL:  The  process  and  utility  piping;  excluding  GAC  fill  and  discharge 
piping  will  be  equipped  with  butterfly  valves  for  flow  control.  A  total  often 
(10)  8"  diameter  (6"  diameter-Optional)  butterfly  valves  will  be  supplied  to 
accommodate  the  process  and  backwash  control  functions.  Two  (2)  valves  are 
needed  for  backwash  control,  two  (2)  valves  are  needed  for  influent  isolation, 
two  (2)  valves  for  effluent  isolation,  two  (2)  for  staging  of  the  vessels  and  two 
(2)  valves  for  the  vent  function. 

B.  PROCESS  VALVES:  The  main  influent,  effluent  and  backwash  control  valves, 
will  be  a  cast  iron  wafer  type  body,  butterfly  valve  with  aluminum-bronze  disc, 
BUNA-N  seats  and  stainless  steel  shaft  to  mate  to  a  150  pound  ANSI  flanges. 
The  valves  are  rated  for  200  psig  in  closed  position  at  1 80  degrees  F,  and  meet 
or  exceed  section  5.0  of  AWWA  specification  C-504-87. 

C.  CARBON  FILL  AND  DISCHARGE  VALVES:The  carbon  fill  and  discharge 
valves  are  4"  diameter  full  port  ball  valves,  316  stainless  steel  construction 
with  TFE  seats  and  seals.  A  total  of  four  (4)  vales  are  supplied.  Two  (2)  for 
carbon  fill  and  two  (2)  for  carbon  discharge. 

D.  UTILITY  VALVES:  Valves  for  the  compressed  air  supply  will  be  bronze  or 
forge  brass  or  barstock  brass  body  regular  port  ball  valves. 


Page  7 


CALGON  CARBON  CORPORATION 


CJU.OOM  UMONOWOMnM 


fei 


2.05      INSTRUMENTATION 

A.  PRESSURE  RELIEF:  A3"  rapture  disk  constructed  of  impervious  graphite 
and  designed  to  relieve  pressure  at  75%  of  the  MAWP  (Optional  -  90%  of 
MAWP)  will  be  provided  off  each  vessel  vent  line  to  protect  the  system 
against  overtemperature  expansion  and  extreme  system  pressure  excursions. 

B.  DIFFERENTIAL  PRESSURE  SWITCH:  Each  vessel  will  be  provided  with  an 
indicating  differential  pressure  switch,  4"  diameter  dial  scaled  for  20-0-20 
psi.  A  10  amp  switch  shall  be  provided  @  1 15  volts  AC  for  remote  indication, 
as  manufactured  by  Orange  Research  Inc.  A  total  of  two  (2)  will  be  provided 
with  the  system. 

C.  PRESSURE  GAUGES:  The  process  piping  will  be  equipped  with  pressure 
gauges  to  indicate  the  pressure  of  water  entering  and  exiting  each  adsorber  and 
to  provide  information  on  pressure  drops  across  each  adsorber  and  the  system. 
The  pressure  gauges  will  have  4-1/2"  face  diameter  with  a  stainless  steel 
bourdon  tube  in  a  glycerin  filled  housing  (0-100  psig  range).  A  total  of  three 
(3)  pressure  gauge  will  be  provided  with  the  system. 

2.06      MISCELLANEOUS 

A.  TRANSFER  HOSE  CONNECTORS:  The  carbon  piping  will  be  fitted  with  S 
hose  connectors,  such  that  carbon  transfer  to  and  from  the  adsorbers  can  be  ^ 
facilitated  with  carbon  transfer  hoses.  These  connectors  will  be  4"  Quick 

Disconnector  Adapters  constructed  of  corrosion  resistant  materials  (Nylon)  as  ■    m 

manufactured  by  Dover  Corporation  as  Kamlock  Connectors  or  equal.  ■ 

B.  FLUSH  CONNECTIONS:  Two  (2)  flush  connections  will  be  provided  on  each 
GAC  fill  line,  one  upstream  and  one  downstream  of  the  valve,  and  one  flush 

connection  downstream  of  the  GAC  discharge  valve.-  Connections  will  be  -■.- 

welded  into  steel  or  stainless  steel  pipe  or  supplied  in  solid  polypropylene  l--; 

"spacers"  for  lined  pipe.  Flush  connections  will  consist  of  a  short  section  of 

3/4"  pipe,  and  a  3/4"  full  port  ball  valve  and  3/4"  quick  disconnect  adapter  to 

match  with  water  hose  fitdnas.  ■ 
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2.07  GRANULAR  ACTIVATED  CARBON 

A.  GENERAL:  Product  shall  be  Calgon  Carbon  Corporation  F- 
300  type  carbon,  or  equal.  Twenty  thousand  (20,000)  pounds 
of  Granular  Activated  Carbon  will  be  provided  and  installed 
within  each  adsorber  vessel. 

B.  GAC  SPECIFICATION:  The  activated  carbon  will  be  virgin, 
granular  and  manufactured  from  bituminous  coal  by  a 
domestic  (United  States)  manufacturing  facility.  The  GAC 
shall  conform  to  AWWA  B604  standards  for  GAC  and 
comply  with  the  most  recent  additional  ANSI/NSF  standard 

6 1 .  The  activated  carbon  will  be  Calgon  Carbon  Corporation 
Filtrasorb  F-300  or  equal  and  conform  to  the  following    ' 
specifications: 

(l)Iodine  Number  (Maximum)  900 

(2)Moisture,  wt%  as  packed,  (Maximum)  2 

(3)Abrasion  Number  (Minimum)  75 

(4)Effective  Size,  mm  0.8  -  1.0 

(5)Uniformity  Coefficient  (Maximum)  2. 1 

U.S.  Sieve  Series 

Percent  on  8  mesh  (Maximum)  15 

Percent  thru  30  mesh  (Maximum)  4 

20,000  pounds  initial  fill  of  F-300  carbon  per  vessel  (40,000  pounds  total 
for  two  (2)  vessels). 

F-300  type  carbon  is  typically  used  for  (Drinking  WaterAVaste  Water) 
applications,  however  other  types  of  carbon  can  be  used  within  the  Single 
Model  10  system.  Contact  a  Calgon  Carbon  Corporation  Technical  Sales 
Representative  for  advise  on  correct  carbon  selection. 

C.  GAC  ANALYSIS:  The  delivered  activated  carbon  must  be  accompanied  by 

an  analysis  sheet  certifying  compliance  with  the  specifications,  and  indicating 
point  of  manufacture. 
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PART  3  EXECUTION 

3.01  MANUFACTURER'S  SERVICES 

A.         A  manufacturer's  trained  specialist,  experienced  in  the  installation  of- 
the  Modular  Model  10  Carbon  Adsorption  System,  and  with  at 
least  five  (5)  years  of  field  experience  shall  be  present  at  the  job  - 
site  and  /  or  classroom  designated  by  the  Owner  /  Contractor  for  a 
maximum  of  (  )  mandays  for  the  following  services: 


ti 


1.  Inspection  of  the  installed  equipment  « 

2.  Supervision  of  carbon  loading  || 

3.  Start-up  assistance 

4.  Trouble  shooting  ■ 

5.  Operator  training  H 

3.02  QUALITY  ASSURANCE  i 

A.         The  engineer  reserves  the  right  to  reject  acceptance  of  delivery  of  any  or  all  fi 

pieces  of  equipment  found,  upon  inspection,  to  be  out  of  compliance  with  " 
the  tolerances  specified  in  ASME  Section  VIII,  Division  I  -  American 

Society  of  Mechanical  Engineers  Boiler  and  Pressure  Vessel  Code.  .  f| 

END  OF  SECTION  ,      I. 

*  *   * 
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APPENDIX  ITEMS 

1)  Report  on  GAC  Systems  for  Potable  Water  Treatment 

2)  Technical  Information  -  Granular  Activated  Carbon,  Transfer  and  Reactivation 

3)  Model  10  Adsorption  System  Specification 

4)  Technical  Articles 
5)  Adsorption  System  Installation  References 


DESIGN  AMD   OPERATION  OF 
GRANULAR  ACTIVATED  CARBON  ADSORPTION  SYSTEMS   FOR 
POTABLE  GROUNDWATER  TREATMENT 


The   following  report  has  been  prepared   fay  Calgon  Carbon  Corporation   for  use   by 
customers  who  have  installed  granular  activated  carbon  adsorption  systems 
designed  and  provided  solely  by  Calgon  Carbon  Corporation. 

The   report   includes  the  specification  of  system  components,    including   the 
granular  activated  carbon,'  process  design  of  the  adsorption  system  for  removal 
of    typical  groundwater  contaminants,   and   the  operation  and  maintenance  of   the 
adsorption  system. 


COMPONENT  SPECIFICATION 

A.     Adsorption  System  Equipment 

The  adsorption  system  equipment  is  comprised  of  quality  components, 
constructed  to  accepted  industry  standards  and  specifically  intended 
for  potable  water  treatment  to  assure  both  water  quality  and  safety  of 
operation. 

Adsorber  pressure  vessels  are  constructed  and  stamped  in  accordance 
with  ASME  code,  and  all  piping  is  constructed  per  ASTM  standard.     The 
vessel  lining  is  Plasite  4110  vinyl  ester  coating  that  is  fully 
acceptable  for  potable  water  use  under  guidelines  established  by  FDA 
regulation. 

i 
The  valves  in  the  water  system  piping  meet  AWA  requirements  for 
materials  of  construction  and  operation.     Other  components  are 
constructed  of  either  stainless  steel  or  polypropylene,   both  which  are 
widely  used  in  potable  water  service. 

The  adsorption  equipment  is  more  fully  described  in  Exhibit  1;   System 
Specification.     This  adsorption  system  is  also  of  the  same 
specification  as  the  systems  provided  under  the  references  in 
Exhibit  3. 

B.     Granular  Activated  Carbon 

The  granular  activated  carbon  used  in  the  adsorption  system  is  Calgon 
Carbon's  Filtrasorb  300.     This  activated  carbon  is  manufactured  in   the 
United  States  at  Calgon  Carbon's  Catlettsburg,  Kentucky,   facility 
using  selected  grades  of  metallurgical  grade  bituminous  coal.     This 
GAC  is  widely  used  for  potable  water  treatment  for  both  surface  water 
and  groundwater  sources,   and  meets  all  AWA  and  Food  Chemical  Codex 
requirements. 

The  Filtrasorb  300  GAC  has   the  following  properties: 

Nominal  8  x  30  mesh  size 

Maximum  15  percent  on  8  mesh 
Maximum  4  percent  passing  30  mesh 


900  minimum  iodine  number 

75  abrasion  number 

Maximum  1  percent  vater  soluble  ash 

Maximum  1  percent  total  phosphate  (as  P0,) 

The  product  bulletin  in  Exhibit  1  provides  more  details  on 
Filtrasorb  300. 

Filtrasorb  300  is  videly  used  in  potable  vater  treatment,  and  is  the 
referenced  groundwater  and  surface  vater  treatment  systems  (Exhibit 
3).   Filtrasorb  300  is  also  the  basis  of  the  process  design  study  vork 
on  pressure  drop,  backwash,  and  carbon  usage  rates  reviewed  in  this 
report  and  referenced  in  Exhibit  2. 

C.   Granular  Activated  Carbon  Transportation  Equipment 

Calgon  Carbon  Corporation  delivers  activated  carbon  to  the  system  site 
in  a  combination  of  bulk  and  specialized  trailers. 

At  the  manufacturing  facility,  the  virgin  grade  granular  activated 
carbon  is  loaded  into  1,000  pound  capacity  "supersacks"  for  cross- 
country transportation.  These  sacks  are  coded  as  to  lot  number  and 
then  released  for  shipment  when  that  lot  of  granular  activated  carbon 
is  verified  to  meet  product  specification. 

On  the  Vest  Coast,  the  GAC  is  transferred  in  20,000  pound  quantities 
into  specialty  designed  hopper  trailers,  maintained  by  Calgon  Carbon 
solely  for  the  delivery  and  transfer  of  carbon  used  in  potable  water 
applications.  The  trailer  is  lined  with  a  thin  film  Plasite  vinyl 
ester  resin  of  the  same  type  used  in  the  adsorber  vessel.  If  the 
trailer  had  been  used  to  transfer  spent  carbon  from  a  potable  water 
plant,  it  is  thoroughly  washed  before  transporting  fresh  carbon.  In 
no  case  are  these  trailers  used  to  transport  activated  carbon  that  has 
been  used  in  non-potable  cases.  In  some  cases,  the  potable  trailers 
may  be  provided  direct  from  the  manufacturing  facility. 

ACTIVATED  CARBON  ADSORPTION  SYSTEM  PROCESS  DESIGN 

A.   Adsorber  Vessel  Capacity 

The  adsorber  vessels  are  designed  to  contain  20,000  pounds  (dry 
weight)  of  granular  activated  carbon.  This  capacity  is  the  same  for 
10  foot  or  12  foot  diameter  adsorber  vessels.  This  capacity  is 
selected  to  provide  the  most  cost-effective  adsorption  system  design 
by  enabling  the  system  operator  to  use  proven,  pre-engineered 
adsorption  system  design  and  the  optimum  GAC  amount.  As  GAC  which  is 
spent  and  drained  of  vater  will  be  approximately  twice  its  dry  weight 
(due  to  retaining  water  within  the  granule),  the  20,000  pound  capacity 
will  be  the  maximum  amount  that  vill  be  able  to  be  transported  avay 


from  the  site.  Therefore,  a  single  adsorber  containing  20,000  pounds 
of  GAC  will  be  compatible  with  a  single  transport  trailer. 

After  a  minimum  contact  time  is  selected  as  being  acceptable  for 
treatment,  the  adsorption  system  can  then  be  designed  as  multiples  of 
the  20,000  pound  adsorber  vessels  to  provide  the  minimum  contact  time 
or  greater. 

B.   Empty  Bed  Contact  Time 

The  empty  bed  contact  time  (EBCT)  is  the  time  required  for  the  flow 
per  vessel  to  displace  the  same  volume  as  taken  by  the  GAC  bed.  The 
EBCT  is  often  the  basic-  factor  to  determine  the  allowable  flow  per 
adsorber. 

Calgon  Carbon  Corporation  has  done  extensive  testing  and  has  done 
surveys  on  EBCT  for  groundwater  systems.  These  studies  and  surveys 
are  presented  in  Exhibit  2.  Studies  have  shown  that  for  most 
groundwater  systems  with  low  levels  of  contaminants,  EBCTs  of  1Hz 
minutes  (500  gpm  per  adsorber  vessel)  are  adequate  to  achieve 
treatment  objectives  for  most  of  the  life  of  the  GAC  bed.  In  some 
cases  of  low  level  contamination,  EBCTs  as  low  as  5  minutes  (750  gpm 
per  adsorber  vessel)  have  been  proven  to  be  effective. 

The  advantage  of  minimizing  the  EBCT  is  that  it  allows  the  user  to 
minimize  the  amount  of  capital  investment  in  treatment  facilities.  If 
water  characteristics  change  or  flow  increases,  additional  20,000 
pound  adsorber  "modules"  can  be  added  to  the  treatment  facility. 

Exhibit  3  contains  case  studies  of  a  variety  of  potable  water 
treatment  facilities  that  are  attaining  satisfactory  treatment  with 
EBCTs-  in  the  range  of  5-15  minutes.  The  actual  EBCT  time  selected  for 
a  site  is  based  upon  historical  site  and  test  data  as  shown  in 
Exhibits  2  and  3,  or  pilot  tests  on  the  actual  water  if  there  is  an 
uncertainty  based  on  the  contaminants  in  question. 

C."  Surface  Loading  Rate 

The  surface  loading  rate  will  vary  depending  upon  the  EBCT  and  the 
vessel  diameter.  Surface  loading  rates  in  granular  activated  carbon 
systems  can  be  as  great  as  10  gpm/ft2.  The  surface  loading  rate  will 
have  only  a  minor  effect  on  the  system's  performance.  Higher  surface 
loading  rates  may  result  in  slightly  higher  carbon  usage  rates,  as  the 
adsorption  zone  may  be  extended  causing  contaminant  breakthrough  to 
occur  sooner. 

Surface  loading  rate  will  affect  the  system  pressure  drop.  The 
adsorption  system  is  designed  to  take  more  pressure  drop  across  the 
granular  carbon,  so  that  the  flow  is  distributed  across  the  packed 
bed.   The  downflow  packed  bed  design  is  inherently  a  fail-safe  design 
in  that  the  granular  media  retards  any  channeling  or  short-circuiting, 
assuring  contact  with  the  GAC.  The  underdrain  collection  system  is 
designed  to  collect  the  flow  from  the  packed  granular  bed  at  a  minimum 
of  added  pressure  drop. 


D.   Backwash  Design  and  Capability 

The  adsorption  systems  are  designed  to  be  backvashed  if  suspended 
solids  in  the  groundwater  are  filtered  by  the  GAC  bed.  After  the  GAC- 
is  installed  in  the  adsorber  vessels  and  prior  to  startup,  the: 
adsorber  vessels  are  backvashed.  This  backvash  accomplishes  tvo 
objectives.   First,  small  activated  carbon  particles,  or  "fines,"  are 
removed  from  the  bed.  These  carbon  fines  may  originate  in  the 
manufacture,  transport,  and  transfer  of  GAC,  and  may  cause  high 
pressure  drop  or  be  carried  into  the  treated  water  after  startup. 
Second,  the  initial  backwash  will  classify  the  GAC  bed  so  that  any 
subsequent  backwash  will  not  disrupt  the  bed  arrangement  whereby  spent 
carbon  will  migrate  to  the  bottom  of  the  bed. 

The  adsorption  system  is  designed  so   that  the  adsorber  requiring 
backwash  can  be  isolated  from  the  other  adsorbers  and  backwashed  with 
treated  water  from  the  other  adsorber(s),  the  distribution  system,  or 
an  independent,  source.  A  backwash  of  5-10  minutes  at  12-15  gpm/ft2  is 
usually  sufficient  to  remove  fines  and  return  the  system  pressure  drop 
to  the  design  level.  "  * 

E.   Single  State  (Parallel)  or  Series  Operation 

Adsorption  systems  can  be  designed  and  operated  as  single-stage  or 
two-stage  operation.  For  most  groundwater  treatment  applications, 
single-stage  operation  is  recommended  in  order  to  minimize  capital 
expense  and  power  consumption  (less  pressure  drop)  considering  the 
negligible  savings  in  carbon  usage.  The  technical  references  in 
Exhibit  2  further  discuss  the  advantages  of  both  approaches. 

The  single-stage  or  parallel  design,  is  dependent  upon  a  well-designed 
monitoring  program,  and  may  be  aided  by  in-bed  sampling  ports 
depending  upon  the  adsorption  system  design,  adsorber  design,  and 
treatment  requirements. 

The  two-stage  approach  allows  for  complete  assurance  of  effluent 
quality  by  changing  the  carbon  in  the  first  stage  when  contaminants 
are  detected  between  stages.  This  design  utilizes  the  second  stage  as 
an  "insurance"  stage,  but  will  increase  the  treatment  system  capital 
cost  by  70-80  percent,  increase  the  power  cost  with  little  improvement 
in  GAC  usage.  A  second  approach  would  be  to  allow  the  interstage 
contaminant  level  to  equal  the  influent  contaminant  level  to  maximize 
GAC  usage.  This  savings  in  GAC  costs  is  offset  by  monitoring  costs  on 
both  stages,  and  the  improvement  in  GAC  usage  is  often  minor  in 
groundwater  treatment.  The  multiple-stage  design  is  more  prevalent  in 
wastewater  applications,  where  improvements  in  high  GAC  usage  rates 
are  of  more  benefit. 


OPERATION  AND  MONITORING 

A.   Monitoring 

The  monitoring  of  an  adsorption  system  is  key  to  its  effective 
performance. 


In  single-stage,  or  12  foot  diameter  adsorbers,  in  bed  sample  ports 
are  recommended  to  anticipate  breakthrough  of  contaminants.  The 
single-stage  systems  require  sample  ports,  as  there  is  no  other 
adsorber  to  provide  dilution  effects.  In  12  foot  diameter  adsorbers, 
the  GAC  bed  is  shallow,  and  the  underdrain  system  collects  the  water 
across  a  shallow  cross-section  plane.  This  design  means  that  the 
contaminants  will  breakthrough  the  system  more  rapidly  than  with  10 
foot  diameter  beds,  and  it  is  more  important  to  anticipate 
breakthrough. 

In  parallel  operation  with  multiple  10  foot  diameter  adsorbers,  either 
in-bed  sample  ports  or  individual  adsorber  monitoring  may  be 
effective.  In  a  multiple-bed  system,  normal  flow  variations  due  to 
pressure  drop,  bed  density,  etc.,  will  normally  lead  to  one  adsorber 
reaching  breakthrough  prior  to  the  other  units.  As  the  contaminant 
may  be  first  detected  in  a  single  adsorber  effluent,  the  combined 
system  effluent  may  remain  below  detection  limits.  At  this  time,  all 
adsorbers  in  the  parallel  system  may  be  near  breakthrough,  and  if  the 
effluent  limit  is  based  on  detectable  quantities,  all  units  should  be 
exchanged.  If  the  limit  is  a  finite  concentration,  more  life  can  be 
provided  with  more  frequent  monitoring. 

In  a  two-stage  system,  only  first-stage  effluent  sampling  is  required 
until  breakthrough.  If  the  system  is  to  remain  on-line  to  optimize 
GAC  usage,  the  second-stage  sampling  should  commence,  as  the 
contaminant  detected  in  the  first-stage  effluent  is  the  least 
adsorbable  contaminant  (if  there  are  2  or  more  contaminants)  in  the 
water-.  : 

If  sample  taps  are  to  be  provided,  they  should  be  located  in  the 
bottom  half  of  the  bed.  One  sample  tap  with  the  probe  extending 
approximately  1  foot  into  the  GAC  bed  is  normally  sufficient. 
Multiple  taps  may  provide  more  analysis  of  the  mass  transfer  zone, 
which  may  be  useful  if  the  usage  rate  is  expected  to  be  substantial 
and  the  level  of  contamination  consistent  over  an  extended  period. 

B.  Disinfection 

As  GAC  adsorbs  chlorine,  all  disinfection  should  be  conducted  prior  to 
placing  GAC  in  the  bed.  Any  subsequent  disinfection  procedures  should 
include  isolation  of  the  GAC  bed  from  the  system  being  disinfected. 

As  GAC  is  an  inert  material,  any  disinfection  procedures  need  not  be 
instituted  solely  due  to  addition  of  GAC  to  the  treatment  system.  If 
disinfection  was  conducted  previously  to  adding  carbon  adsorption,  it 
should  be  continued  with  the  disinfectant  added  downstream  of  the 
carbon  adsorption  system  to  establish  residuals  in  the  distribution 
system. 

C.  Fail-Safe  Features 

The  downflow  fixed-bed  treatment  system  is  inherently  a  fail-safe 
treatment  system.  The  adsorber  is  not  affected  by  power  outages  or 
motor  failure  which  might  cause  a  component  in  another  system  to  fail. 


The  bed  will  also  receive  flow  and  contaminant  variations  vithout 
immediately  affecting   treated  water  quality.      The  adsorption  system 
can  also  be  placed  on  an  on-demand  veil  system  without   requiring 
start-up  procedures  or  other  automation.     The  system  operates  without 
automation  and/or  operator  attention:   only  periodic  monitoring  is 
required. 
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CALGON  CARBON  CORPORATION 


SYSTEM  BULLETIN 

ODEL10 

MODULAR  CARBON  ADSORPTION  SYSTEM 
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DESCRIPTION 

The  Calgon  Carbon  Model  10  is  an  adsorption  system 
designed  forthe  removal  of  dissolved  organic  contaminants  from 
liquids  using  granular  activated  carbon.  The  modular  design 
concept  allows  selection  of  options  oraitemate  materials  to  best 
meet  the  requirements  of  the  site  and  treatment  application. 

The  Model  1 0  system  is  delivered  as  two  adsorbers  and  a 
compact  center  piping  network,  requiring  only  minimal  field 
assembly  and  site  connections.  An  optional  mounting  skid  is 
available  to  facilitate  installation.  The  pre-engineered  Model  10 
design  assures  that  all  adsorption  system  functions  can  be 
performed  with  the  provided  equipment. 

The  process  piping  networkforthe  Model  1 0  accommodates 
operation  of  the  adsorbers  in  parallel  or  series  (with  either 
adsorber  placed  in  first  stage).  The  piping  can  also  isolate  either 
adsorber  from  the  flow.  This  permits  carbon  exchange  or 
backwash  operations  to  be  performed  on  one  adsorber  without 
interrupting  treatment. 

The  unique  internal  cone  underdrain  design  provides  forthe 
efficient  collection  of  treated  waterand  the  distribution  of  backwash 
water.  The  internal  cone  also  insures  efficient  and  complete 
discharge  of  spent  carbon  from  the  adsorber.  The  Model  10 
system  is  designed  for  use  with  Calgon  Carbon's  closed  loop 
carbon  exchange  service.  Using  special  designed  trailers,  spent 
carbon  is  removed  from  the  adsorbers  and  returned  to  Calgon 
Carbon  for  reactivation.  The  trailers  also  recharge  the  adsorbers 
with  fresh  activated  carbon. 

SYSTEM  SPECIFICATIONS 

Carbon  adsorbers: 

•  Carbon  steel  ASME  code  pressure  vessels. 

•  Internal  vinyl  ester  lining  (nominal  35  mil)  where  GAC 
contacts  steel,  for  potable  water  and  most  liquid 
applications. 

•  Polypropylene  slotted  nozzles  for  water  collection  and 
backwash  distribution. 

Standard  adsorption  system  piping: 

•  Schedule  40  carbon  steel  process  piping  with  cast  iron 
fittings. 

•  Cast  iron  butterfly  valves  for  process  piping. 

•  PPL  iined  steel  pipe  for  GAC  discharge. 

•  Full  bore  stainless  steel  ball  valves  for  GAC  fill  and 
discharge. 

System  external  coating: 

•  Epoxy  masiic  paint  system 

Available  options: 

•  Unifying  system  skid. 

•  In-bed  water  sample  collection  probes. 


OPERATING  CONDITIONS 

Carbon  per  adsorber: „.. 20,000  lbs.  (9080  kg) 

Pressure  rating: „ 125  psig  (862  kPa) 

Pressure  relief: Graphite  rupture  disk  (94  psig) 

Vacuum  rating: 14  psig 

Temperature  rating: 150°F  maximum  (65°C) 

Backwash  rate: Typical  1000  gpm  (30%  expansion) 

Carbon  transfer: Air  pressure  slurry  transfer 

Utility  air 1 00  scfm  at  30  psig 

(reduce  to  15  psig  for  trailer) 

Utility  water. 100  gpm  at  30  psig 

Freeze  protection: None  provided;  enclosure  or 

protection  recommended 
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PRODUCT  BULLETIN 


FILTRASORB®  300  &  400 

GRANULAR  ACTIVATED  CARBONS  FOR  WASTEWATER 
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DESCRIPTION 

Filtrasorb  300  and  400  are  two  grades  of  granular  activated 
carbon  manufactured  by  Calgon  Carbon  Corporation  for  removal 
of  organic  pollutants  from  municipal  or  industrial  wastewaters. 
These  carbons  are  manufactured  from  select  grades  of 
bituminous  coal  to  produce  a  high  density,  high  surface  area, 
durable  granular  product  capable  of  withstanding  the  abrasion 
and  dynamics  associated  with  repeated  reactivation,  hydraulic 
transport,  backwashing  and  mechanical  handling. 

APPLICATIONS 

•  Applying  point  source  treatment  to  remove  organics 

•  Pre-treatment  to  biological  waste  treatment  systems 

•  Polishing  effluent  from  biological  waste  treatment  systems 

•  Recycling  the  treated  water  for  replacement  of  groundwater 
or  for  other  suitable  recycling  applications 

•  Providing  total  wastewater  treatment 

REACTIVATION 

Numerous  installations  have  demonstrated  the  feasibility  and 
economy  of  thermal  reactivation. 

Exhausted  granular  carbon  can  be  reactivated  on  your  plant  site 
in  a  high-temperature  furnace,  or  it  can  be  done  by  Calgon 
Carbon  Corporation  under  a  service  agreement. 

PACKAGING 

55  Pound  (25  kg)  5  Ply  Bag 

1 ,000  Pound  (453.7  kg)Super  Sack 

Bulk  Trucks 

MANUFACTURING 

Catlettsburg,  KY 
Pearlington,  MS 

FILTRASORB  DOWNFLOW  PRESSURE  DROP 
BACKWASHED  &  SEGREGATED  BED 


SPECIFICATIONS 


.41        .48     34    .61  .68. 


Iodine  Number,  mg/g  (Min.) 

Moisture,  weight  %  (Max.  %) 

Abrasion  Number  (Min.) 

Effective  Size,  mm 

Uniformity  Coefficient  (Max.) 

Sieve  Size,  U.S.  Sieve  Series,  weight  °/< 

Larger  than  No.  8  (Max.)  1 5 

Smaller  than  No.  30  (Max.)  4 

Larger  than  No.  12  (Max.) 

Smaller  than  No.  40  (Max.) 


F300 

900 

2 

75 

0.8-1.0 

2.1 


F400 

1000 

2 

75 

0.55-0.75 

1.9 


FILTRASORB  300  -  BED  EXPANSION 
BACKWASHED  &  SEGREGATED  BED 
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SUPERFICIAL  VELOCITY  (gpm/ft2) 


20 


25 


FILTRASORB  400  -  BED  EXPANSION 
BACKWASHED  &  SEGREGATED  BED 

SUPERF1CUU.  VELOCITY  (crrVsec) 
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INTRODUCTION 

The  recent  amendments  to  the  Safe  Drinking  Water  Act 
(SDWA)  have  generated  increased  interest  in  evaluating  a 
number  of  different  technologies  for  the  removal  of 
Volatile  Organic  Contaminants  (VOCs)  from  drinking  water 
supplies.  Since  1974,  the  EPA  has  generated  Maximum 
Contaminant  Levels  (MCLs)  for  26  contaminants,  but  the  new 
amendments  have  called  for  accelerated  regulation  by- 
requiring  development  of  MCLs  for  83  specific 
contaminants.  Many  of  these  contaminants  are  VOCs  which 
have  been  discovered  in  groundwater  sources  for  drinking 
water  supplies.  Of  immediate  concern  are  the  8  VOCs  that 
are  set  for  regulation  in  1987,  shown  with,  their  proposed 
MCLs  in  Table  1  (1). 

The  use  -  of  granular  activated  carbon  (GAC)  to  remove 
organic  contaminants  by  adsorption  on  the  large  internal 
surface  area  of  the  activated  carbon  granule  has  long  been 
a  proven  and  established  technology.  Over  150  public 
drinking  water  systems  already  have  experience  with  GAC  in 
the  removal  of  taste  and  odor  causing  organic  compounds  in 
the"  United  States  and  over  200  in  Europe  (2).  Many 
industrial  plants  have  also  used  GAC  for  the  removal  of 
specific  organic  compounds  from  water,  wastewater  and 
chemical  products.  Recently,  GAC  has  been  used  to  remove 
specific  VOCs  from  groundwater  or  contaminated  water 
resulting  from  accidental  spills  (3). 

The  success  of  GAC  in  removing  organic  contaminants  from 
water  has  resulted  in  the  amendment  to  the  SDWA 
establishing  GAC  as  the  "yardstick"  by  which  other - 
treatment  technologies  are  to  be  evaluated  in  the  control 
of  synthetic  organic  chemicals  (4).  Other  treatment 
techniques  must  be  at  least  as  effective  as  GAC  in  order 
to  be  considered  viable.  Although  often  perceived  as  an 
expensive  treatment  technology,  GAC  can  often  be  the  most 
cos --effective  solution  to  the  problem  at  hand.  What  is 
needed  is  a  reliable  method  to  evaluate  the  applicability 
of  adsorption  and  to  estimate  the  cost  to  the  water  system 
operator . 

This  paper  will  present  a  methodology  by  which  GAC  can  be 
evaluated,  starting  with  isotherms  for  preliminary 
evaluation  and  continuing  on  to  parameters  for  system 
design.  The  design  of  the  GAC  system  will  provide  capital 
expenditure   guidelines,   while   the   evaluation  procedure 
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DESCRIPTION 

Fiitrasorb  300  and  400  are  two  grades  of  granular  activated 
carbon  manufactured  by  Calgon  Carbon  Corporation  for  removal 
of  organic  pollutants  from  municipal  or  industrial  wastewaters. 
These  carbons  are  manufactured  from  select  grades  of 
bituminous  coal  to  produce  a  high  density,  high  surface  area, 
durable  granular  product  capable  of  withstanding  the  abrasion 
and  dynamics  associated  with  repeated  reactivation,  hydraulic 
transport,  backwashing  and  mechanical  handling. 

APPLICATIONS 

•  Applying  point  source  treatment  to  remove  organics 

•  Pre-treatment  to  biological  waste  treatment  systems 

•  Polishing  effluent  from  biological  waste  treatment  systems 

•  Recycling  the  treated  water  for  replacement  of  groundwater 
or  for  other  suitable  recycling  applications 

•  Providing  total  wastewater  treatment 

REACTIVATION 

Numerous  installations  have  demonstrated  the  feasibility  and 
economy  of  thermal  reactivation. 

Exhausted  granular  carbon  can  be  reactivated  on  your  plant  site 
in  a  high-temperature  furnace,  or  it  can  be  done  by  Calgon 
Carbon  Corporation  under  a  service  agreement. 

PACKAGING 

55  Pound  (25  kg)  5  Ply  Bag 

1 ,000  Pound  (453.7  kg)Super  Sack 

Bulk  Trucks 

MANUFACTURING 

Catlettsburg,  KY 
Pearlington,  MS 

FILTRASORB  DOWNFLOW  PRESSURE  DROP 
BACKWASHED  &  SEGREGATED  BED 
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INTRODUCTION 

The  recent  amendments  to  the  Safe  Drinking  Water  Act 
(SDWA)  have  generated  increased  interest  in  evaluating  a 
number  of  different  technologies  for  the  removal  of 
Volatile  Organic  Contaminants  (VOCs)  from  drinking  water 
supplies.  Since  1974,  the  EPA  has  generated  Maximum 
Contaminant  Levels  (MCLs)  for  26  contaminants,  but  the  new 
amendments  have  called  for  accelerated  regulation  by 
requiring  development  of  MCLs  for  83  specific 
contaminants.  Many  of  these  contaminants  are  VOCs  which 
have  been  discovered  in  groundwater  sources  for  drinking 
water  supplies.  Of  immediate  concern  are  the  8  VOCs  that 
are  set  for  regulation  in  1987,  shown  with,  their  proposed 
MCLs  in  Table  1  (1). 

The  use  -  of  granular  activated  carbon  (GAC)  to  remove 
organic  contaminants  by  adsorption  on  the  large  internal 
surface  area  of  the  activated  carbon  granule  has  long  been 
a  proven  and  established  technology.  Over  150  public 
drinking  water  systems  already  have  experience  with  GAC  in 
the  removal  of  taste  and  odor  causing  organic  compounds  in 
the'  United  States  and  over  200  in  Europe  (2).  Many 
industrial  plants  have  also  used  GAC  for  the  removal  of 
specific  organic  compounds  from  water,  wastewater  and 
chemical  products.  Recently,  GAC  has  been  used  to  remove 
specific  VOCs  from  groundwater  or  contaminated  water 
resulting  from  accidental  spills  (3). 

The  success  of  GAC  in  removing  organic  contaminants  from 
water  has  resulted  in  the  amendment  to  the  SDWA 
establishing  GAC  as  the  "yardstick"  by  which  other" 
treatment  technologies  are  to  be  evaluated  in  the  control 
of  synthetic  organic  chemicals  (4).  Other  treatment 
techniques  must  be  at  least  as  effective  as  GAC  in  order 
to  be  considered  viable.  Although  often  perceived  as  an 
expensive  treatment  technology,  GAC  can  often  be  the  most 
cos~-ef fective  solution  to  the  problem  at  hand.  What  is 
needed  is  a  reliable  method  to  evaluate  the  applicability 
of  adsorption  and  to  estimate  the  cost  to  the  water  system 
operator. 

This  paper  will  present  a  methodology  by  which  GAC  can  be 
evaluated,  starting  with  isotherms  for  preliminary 
evaluation  and  continuing  on  to  parameters  for  system 
design.  The  design  of  the  GAC  system  will  provide  caoital 
expenditure   guidelines,   while   the   evaluation  procedure 


Figure  2  shows  the  results  of  isotherms  for  seven  of  the 
VOCs  due  for  regulation  in  1987.  The  eighth  VOC,  vinyl 
chloride,  is  normally  a  gas  at  ambient  temperature,  and 
has  a  very  low  capacity  on  GAC  in  liquid  phase  adsorption. 
Investigations  into  the  removal  of  vinyl  chloride  bv 
activated  carbon  have  reported  poor  capacities. •  However, 
vinyl  chloride  removal  by  aeration  has  produced  good 
removal  efficiencies  (7).  The  isotherm  results  for 
p-dichlorobenzene  are  from  earlier  test  results  using  less 
agitation  time,  but  p-dichlorobenzene  is  well  adsorbed  by 
activated  carbon  and  the  results  are  consistent  with 
recent  tests. 

Figure  3  has  grouped  the  remaining  chlorinated  and 
brominated  aliphatic  solvents  and  Figure  4  the  aromatic 
and  chlorinated  aromatic  solvents.  The  isotherms  point 
out  characteristics  useful  for  considering  adsorption  of 
other  compounds;  i.e.,  that  the  capacity  of  activated 
carbon  for  the  contaminant  increases  with  concentration, 
molecular  weight  and  decreasing  solubility  of  the 
contaminant. 

Isotherms  are  useful  in  identifying  whether  a  compound  is 
amenable  to  adsorption  by  activated  carbon.  The  test 
indicates  the  theoretical  capacity  for  these  contaminants 
by  GAC,  which  as  will  be  shown  later,  allows  the 
development  of  estimates  of  carbon  usage  rates  for  cases 
where  a  single  contaminant  predominates.  Care  must  be 
taken  in  using  these  single  component  isotherms  when  the 
contamination  involves  a  mixture  of  adsorbable  compounds. 
Although  these  isotherms  might  allow  for  preliminary 
estimates'. _of  activated  carbon  usage  rates,  additional 
testing  -would  be  warranted  to;  establish  more . reliable 
carbon  usage  rates.  '  Finally, '-background.. ;  organic 
contaminants,  usually  more  prevalent' in  surface  water  than 
groundwater,  may  cause  reduced  capacity.  /  Isotherms 
performed  on  a  specific  water  according  to  these 
procedures  would  provide  for  good  comparison  to  these 
single  component  isotherms  and  a  basis  for  estimating  GAC 
usage  rates. 

After  a  column  study  is  performed  or  actual  operating  data 
is  obtained,  isotherms  are  useful  in  evaluating  effects  of 
concentration  or  contaminant  change.  A  relationship  can 
be  established  between  the  actual  usage  rate  and  the 
equilibrium  data  of  the  isotherm,  and  changes  in  usage 
rate  can  be  predicted  using  the  isotherms  as  reference 
points . 

ADVANCED  EVALUATION:   ACCELERATED  COLUMN  TESTING 

The  effect  of  short  contact  times  experienced  in  actual 
operation  and  the  accurate  prediction  of  activated  carbon 
usage  rates  is  normally  obtained  in  the  scaled  column 
study.  The  accepted  test  method  for  the  column  study  has 
been  to  use  the  GAC  in  columns  sized  from  1  to  4  inches  in 
diameter,  and  with  selection  of  surface  loading  rates  and 
media  depth,  obtain  the  desired  empty  bed  contact  times  in 
single   or  multiple  columns.   The  low  usage  rates  expected 


situations.  The  first  site  shows  the  effect  of  higher 
contaminant  levels  of  a  well  adsorbed  VOC.  With  higher 
levels  of  trichloroethylene  (TCE)  and  slightly  greater 
than  15  minutes  contact  time,  the  ACT  predicts  a  68% 
attainment  of  the  equilibrium  isotherm  data.  This  result 
indicates  that  in  the  adsorption  process,  the  higher 
concentration  contaminant  acts  as  a  greater  driving  force 
towards  equilibrium  capacity. 

The  second  site  investigated  shows  the  influence  of 
background  organic  contaminants  on  the  adsorption  of 
chlorinated  solvents.  A  municipal  drinking  water 
containing  135  ppb  of  chloroform  that  also  contained  6  ppm 
background  organic  contamination  measured  as  TOC  was 
tested.  The  ACT  indicated  that  the  presence  of  this 
organic  background  resulted  in  only  37%  of  the  theoretical 
capacity  being  achieved.  This  capacity  is  approximately 
20%  less  than  the  capacity  achieved  in  the  municipal 
drinking  water  sample  shown  on  Table  2. 

The  third  site  in  this  set  shows  the  effects  of  a  mixture 
of  VOCs;  1,1,1  trichloroethane  (TCA)  and  TCE.  As  shown  in 
the  isotherm  data  in  Figure  2,  the  TCA  is  not  adsorbed  as 
strongly,  so  it  is  expected  to  break  through  first.  The 
column  study  did  indicate  that  the  TCA  was  detected  first 
in  the  effluent,  and  the  capacity  of  carbon  for  TCA  was 
only  34.3%  of  its  equilibrium  value.  i  Another  way  of 
looking  at  this  mix  is  that  at  an  equilibrium  capacity'  of 
3.5  mg/gm  and  55  ppb  of  TCA,  the  theoretical  usage  rate 
would  be  0.13  lbs.  GAC  per  thousand  gallons.  This  usage 
rate  can  be  added  to  a  usage  rate  of  0.06  lbs.  GAC/1000 
gallons  for  TCE  (24  mg/gm  at  165  ppb)  for  a  total  usage 
rate  of  0.19  lbs.  GAC/1000  gallons  for  both  contaminants. 
The  actual  usage  rate  is  approximately  58%  greater  than 
the  theoretical/  indicating  a  working  capacity  that 
realizes  approximately  63%  of  the  equilibrium  capacity. 

In  considering  these  ACT  studies  on  VOC  removal,  it  can  be 
concluded  that  for  low  level  VOC  contamination  in  waters 
containing  low  background  TOC,  operating  activated  carbon 
adsorption  systems  can  achieve  45-55%  of  the  theoretical 
isotherm  capacity.  When  the  chemistry  becomes  more 
complex,  with  background  TOC  or  the  prescence  of  a  mixture 
of  contaminants,  a  simple  rapid  mini-column  technique  can 
be  conducted  to  explore  these  additional  effects. 

ADSORPTION  SYSTEM  DESIGN  AND  ECONOMICS 

Based  upon  the  evaluation  procedure  discussed  above,  the 
investigator  can  proceed  with  preliminary  system  design 
and  establish  the  economics  for  activated  carbon 
treatment.  It  was  shown  earlier  that  for  waters  with  one 
or  two  VOCs  present  at  low  levels  -  200  ppb  or  less, 
contact  times  of  12  to  15  minutes  are  acceptable.  Also, 
for  these  conditions,  and  especially  if  only  a  single  VOC 
is  present,  the  mass  transfer  zone  is  sufficiently  short 
that  a  single  stage  adsorption  system  can  usually  achieve 
optimum  economic  utilization  of  the  activated  carbon.  The 
use   of   single   stage  systems  rather  than  multiple  stages 


Estimated  Capacity:   12.5  rag  TCE/gra  GAC 
Estimated  GAC  Usage:   0.12  Ibs./lOOO  gallons 
Estimated  Annual  GAC  Usage:   40,000  lbs. 

To  predict  the  operating  cost,  an  estimate  is  made  for  the 
installation  of  the  adsorption  system  as  shown  in  Table  4, 
resulting  in  a  total  installed  capital  expenditure  of 
approximately  $250,000.  In  some  geographical  areas, 
freeze  protection  such  as  insulation  with  heat  tracing,  or 
a  building,  may  also  be  necessary. 

Finally,  the  annualized  operating  cost  for  the  adsorption 
system  can  be  estimated  by  amortization  of  the  capital 
expenditure  and  addition  of  the  expenses  as  shown  in  Table 
5.  The  unit  cost  for  the  treatment  system  under 
consideration  can  therefore  be  estimated  to  be  27  cents 
for  each  1000  gallons  treated.  This  figure  is  consistent 
with  a  value  of  34  cents  per  1000  gallons  estimated  by  the 
EPA  for  systems  below  1  mgd  and  for  99%  removal  of  TCE  up 
to  500  ppb  (9). 

CONCLUSION 

The  recent  interest  in  technologies  for  treatment  of 
waters  contaminated  with  low  levels  of  VOCs  has  increased 
the  need  for  reliable  data  bases  to  be  used  for 
preliminary  evaluation.  This  need  is  especially  critical 
in  the  evaluation  of  activated  carbon  adsorption,  which  is 
regarded  as  the  basis  by  which  other  technologies  are 
measured. 

The  adsorption  isotherm  is  the  basic  evaluative  tool  for 
activated  carbon  adsorption,  and  can  be  an  effective 
predictor  for  activated  carbon  usage  rates  when  combined 
with  reliable-  dynamic  studies.  For  ,;  :the  isotherms 
presented  in  this  paper,-  care  was  taken  to  minimize 
analytical  errors  and  assure  equilibrium  conditions.  As  a 
result,  this  series  of  isotherms  can  be  compared  to  each 
other  and  used  as  a  reliable  point  of  reference  for  column 
studies.  Finally,  rapid  mini-column  tests  similar  to  the 
Accelerated  Column  Test  can  be  used  to  effectively  model 
full  scale  systems. 

Results  discussed  here  indicate  that  for .groundwaters 
contaminated  with  essentially  a  single  VOC  at  low  levels 
with  little  background  organic  contaminants,  45-55%  of  the 
equilibrium  capacity  can  be  obtained  using  contact  times 
of  12  to  15  minutes.  The  short  mass  transfer  zones  also 
indicate  that  single  stage  adsorbers  can  be  employed  to 
minimize  capital  expenditures. 

The  methodology  exists  then,  to  properly  evaluate 
activated  carbon  treatment  for  both  performance  operation 
and  costs.  This  procedure  will  be  helpful  as  a  point  of 
reference  to  evaluate  other  treatment  technologies  and  as 
a  planning  technique  for  the  employment  of  activated 
carbon  adsorption. 
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FIGURE  3 
ACTIVATED  CARBON  ADSORPTION  ISOTHERMS 
CHLORINATED  SOLVENTS 


(1)  Tetrachloroethylene 

(2)  Trichloroethylene 

(3)  Cis  1,2  Dichloroethylene 


(4)  Chloroform 

(5)  1,2  DIchloroethane 

(6)  Methylene  Chloride 
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TABLE    1 
Proposed  VOC  Regulations 
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CERTIFICATE  OF  COMPLIANCE 


CERTIFICATE  NUMBER:     050/93   -  MH17374 
ISSUEDATE:     07  May  1993 


Issued  to:       Calgon  Carbon  Corporation 
P.O.    Box  717 
Pittsburgh,    PA  15230-0717 

Report  Reference:      MH17374,    13   October   1992 

This  is  to  Certify  that 

representative  samples  of:         Granular  Activated   Carbon 


Have  been  investigated  by  Underwriters  Laboratories  inc.  in  accordance  with  the  Standard(s) 
radicated  on  this  Certificate. 

Standard(s)  for  Safety:  ArTSI/NSF  Standard  61,    Drinking  Water   System 

ComDonents -Health  Effects 


Additional  Information: 


Only  those  products  bearing  the  DL  Classification  Maiidng  should  be  considered  as  being 
covered  by  UL's  Classification  and  Follow-Up  Service. 

The  UL  Classification  Marking  Includes:  the  name  "Uisdersnrricrs  Labaratcries  Inc.';  Che  -word  "Classified":  a  control 
number  (may  be  alphanumeric)  assigned  by  UL:  a  statement  to  indicate  the  extent  of  UL's  evaluation  of  the  product: 
and.  the  product  category  name  (product  Identity)  as  Indicated  In  the  appropriate  UL  Directory. 


Engineer:     ^"^    f\a^u£j-  Review  Engineer:   / Vu~-  f^/ / 


J) 

Underwriters  Laboratories  Inc.  Underwriters  Lai/oratories  Inc. 


0-UC  (6/92) 


This  publication  shows  the  Listings  as  of  May  20.  1994.  The  Listings  are  continually  changing.  Please  contact  NSF 
to  confirm  the  current  status  of  any  Listing,  or  access  the  electronic  edition  of  the  Listing  which  is  updated  daily 


ANSI/NSF  STANDARD  61 
LISTING  OF  CERTIFIED  DRINKING  WATER  SYSTEM  COMPONENTS  -  HEALTH  EFFcCTS 
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CALGON  CARBON  CORPORATION 

PO  BOX  717 

PITTSBURGH.  PA  15230-0717 

Plant  At  CATLETTSSURG.  KY 

Process  Media 

Trade   Designation 

Powdered  Activated  Carbon 
Powder  Activated  Carbon***  + 

Granular  Activated  Carbon 
Granular  Activated  Carbon*  ** 

Acid  -  Washed  Granular  Activated  Carbon 
Acid-Washed   Granular  Activated  Carbon*   * 


Size 


Water 

Water 

Contact 

Contact 

Temp 

Hater i  a  I 

NA 


NA 


NA 


CLD  23 


CLD  23 


CLD  23 


PAC 


GAC 


GAC 


Certified    for   water    treatment    plant    applications   only. 

This    product    has    not    been    eva I ua ted'  for   point   of    use   applications. 

*    Product   was    evaluated   using   a   condi t ion i ng -and    backwashing   procedure 
simulating    a    typical    water    treatment   plant    installation. 
**   Any    granular    activated   carbon   product    from   this    site,   with    the  exception   of 
Cane   Ca  I    and    Canesorb,     is   NSF   Listed' to   Standard   61   whether   or   not    it    bears 
the    NSF  Mark. 
*"*.Any    powdered    activated    carbon   product    from   this    site    is   NSF   Listed    to 
Standard    61    whether   or    not    it   bears    the   NSF  Mark. 
+  The   product    is   certified  with  a  maximum  use    level    of   250  mg/L. 
****   Any    acid  washed   granular    activated   carbon   product    from   this   site    is  NSr 
Listed    to   Standard   61   whether   or   not    it    bears    the   NSF  Mark. 

Plant  At  PITTSBURGH.  PA 


Process  Media 

Trade  Designation 


Size 


Water 

Contact 

Temp 


Powdered  Activated  Carbon 

Powaer  Activated  Carbon  NA  CLD  23 

Certified    for   water    treatment    plant    applications    only. 

This    product    has    not    been    evaluated    for   point   of    use   applications. 

This    product    is    certified  with   a   maximum  use    level    of    250  mg/L. 

Any   powdered    activated   carbon   product    from   this    site    is   NSF   Listed    to 

Standard    61    whether    or   not    it    bears    the   NSF  Mark. 


Water 
Contact 
Mater ■ a  I 


PAC 


Plant  At  PITTSBURGH,  PA 

Process  Media 

Trade  Des  i  gnat  i  on 

Powdered  Activated  Carbon 
Powder  Activated  Carbon*** 

Granular  Activated  Carbon 
Granuiar   Activated   Carson* 


Size 


NA 


NA 


Water        Water 
Contact      Contact 
Temp        Uaterial 


CLD  23 


CLD  23 


.  PAC 


GAC 


Note:  unless  otherwise  indicated.  Certification  is  only  for  Wster  Contact  Material  shown  in  Listing. 


Continued 


GRANULAR  ACTIVATED  CARBON 

A-   GRANULAR  ACTIVATED  CARBON.  INVENTORY  AND  POINT  OF  MANUFACTURE 

Calgon  Carbon  Corporation  is  the  United  States '  largest 
producer  of  granular"  activated  carbon  (GAC)  .  The  current 
capacity  of  the  Corporation  is  166,000,000  pounds  on  an 
annual  basis.  The  Corporation  is  also  in  the  process  of 
building  a  new  plant  to  produce  an  additional  30,000,000 
pounds  of  activated  carbon  at  a  U.S.  Gulf  Coast  location. 
This  new  plant  is  expected  to  be  operational  in  late  1991. 

A  single  product  line:  at  our  Catlettsburg,  Kentucky,  facility 
is  capable  of  producing  80,000  lbs. /day  of  Filtrasorb  300 
granular  activated  carbon,  supply  of  adequate  product  is 
effectively  assured." 

Point  of  manufacture  for  this  project  will  be  the 
Catlettsburg,  Kentucky,  facility.  Actual  inventory  of  F-300 
is  dependent  5  upon  factors  including  current  production  and 
orders,  but  supply  of  this  project  would  be  a  dedicated 
production  run,  testing  as  specified  and  storage/ shipment  to 
site. 

B.   GRANULAR  ACTIVATED  CARBON  DELIVERY  AND  TRANSFER 

CALGON  Carbon  Corporation   maintains  a  fleet  of  granular 
activated  carbon  delivery  trailers  dedicated  for  transport  of 
potable  grade  granular  activated  carbon.  The  trailers  are 
identical  to  those  described  on  the  attached  drawing.   The 
fleet  capabilities  of  Calgon  Carbon  are  as  follows:  - 

Dedicated  Trailers  for  Virgin  Grade  GAC  Delivery   4 
Tractors  for  Trailer  Transport  16 

Trained  Drivers  for  Delivery  and  GAC  Transfer     32 

The  GAC  will  be  transported  to  the  designated  site  in  the  FDA 
approved  food  grade  trailer  with  a  Plasite  4006  lining.  One 
trailer  of  this  type  has  the  ability  to  transport  and  transfer 
the  necessary  20,000  pound  shipments  of  Filtrasorb  3  00  GAC. 

The  trailer  driver  will  connect  the  necessary  hoses  and 
operate  all  the  valves  on  the  trailer.  A  plant  operator 
should  be  available  to  operate  the  valves  on  the  adsorber 
skid.  The  driver  will  monitor  the  sequence  of  operations  to 
ensure  the  correct  procedures  are  being  followed  as  described 
in  the  Exhibit. 

Upon  completion   of  the  GAC  transfer,   the   driver   will 
disconnect  the  hoses  and  close  the  valves  on  the  trailer.   The 
plant  operator  will  close  the  valves  in  the  vent  and  GAC  fill 
lines  on  the  adsorber.   When  these  operations  are  completed, 
the  adsorber  can  be  olaced  in  service. 


CALGON    CARBON ' S    REACTIVATION   CAPABILITIES 

Calgon  Carbon  Corporation  is  the  largest  manufacturer  and 
reactivator  of  granular  activated  carbon  in  the  United  States. 
The  company  owns  two  80,000  lbs.  per  day  carbon  reactivation 
facilities  in  the-  U.S. -one  at  Neville  Island,  PA,  and  one  at 
Catlettsburg,  KX.  .  These  facilities  are  the  most  sophisticated  in 
the  world  dedicated  to  the  safe  and  effective  handling,  storing, 
and  reactivation. of  spent  activated  carbon.  In  fact,  the  Neville 
Island  facility  was-  the  first  carbon  reactivation  facility  in  the 
U.S.  to  receive  a  final  RCRA  Part  B  Permit  to  handle  and  store 
RCRA  manifested  spent  carbons  (1988)  .  The  Catlettsburg  facility 
received  its  final  .Part  B  Permit  in  1990  and  is  functionally 
similar  to  Neville  Island,   PA. 

This  report  will  briefly  describe  the  Calgon  Carbon 
reactivation  program  and  facilities.  It  will  explain  why  Calgon 
Carbon  is  uniquely  prepared  to  provide  users  assurances  that  their 
spent  carbon  reactivation  needs  will  be  legally,  safely  and 
effectively  accomplished.  It  will  detail  how  Calgon  Carbon  helps 
users   eliminate  on-going       liability  for  hazardous        organic 

compounds . 

Step   1  -  Proper  Spent  Carbon  Reactivation  Evaluation 

Calgon  Carbon '  s  .  process  to  insure  that  a  I  spent  carbon  be 
legally,  and  safely  reactivated  begins  long  before  the  carbon  is 
returned  to  Calgon1  s  facilities.  First,  relevant  data  must  be 
obtained  and  a  .  reactivation  acceptance  test  conducted.  With  the. 
cooperation  of  the  prospective  customer,  Calgon  Carbon  Corporation 
obtains  the  following  information: 

a.  The  Adsorbate  Profile  Document 

b.  A  Certification  Statement  regarding   "Exemption"   Compounds 

c.  A  Certification  statement  on  RCRA  Classification 

d.  Formal  Carbon  Acceptance  Request 

Additionally,  Calgon  Carbon's  Research  Department  obtains  and 
evaluates  samples  of  spent  carbons  from  all  prospective  customers 
in  our  laboratory  prior  to  acceptance  for  reactivation.  In  the 
laboratory  reaction  study,  the  spent  carbon  is  thoroughly  analyzed 
to  see  if  there  could  be  any  storage  problems.  It  is  then 
laboratory  prior  to       acceptance        for        reactivation.  In        the 

laboratory  reactivation  study,    the  spent  carbon   is   thoroughly 
analyzed  to   see  if  there  could  be     any      storage     problems.         It   is 
then   laboratory  reactivated  to   evaluate    (1)    whether  there  would  be 
any  reactivation  emission  problems,    and    (2)    if  the     carbon     can  be 
reactivated  to  acceptable  quality. 

When  all   the  above  data   is  obtained   and   the  laboratory  study 


completed,  a  Carbon   Reactivation   Acceptance  Committee  :  within- 
Calgon  Carbon  meets   to   review    the   data   and   make   its 
recommendations  and/or  decisions  regarding  carbon  acceptance. 
When  necessary,  Calgon  Carbon  will  consult  with  local,  state. or 
federal  agencies  to  insure  their  concurrence  on  any  recommended 
decision.   Calgon  Carbon-  can  handle  most  spent  carbons,  but  will 
not  accept  spent  carbons  that  contain  PCBs,  dioxin  or  1,2  DBCP. 
Furthermore,  Calgon  Carbon  cannot  accept  spent  carbons  that  have 
certain  RCRA  test  charateristics .  .'.ignitable  below  150  F;  pH  less 
than  2.0  or  greater  than  12.5;  or  carbon  that  is  reactive. 

This  thorough-  reactivation  acceptance  procedure,  consisting 
of  a  series  of  analytical  and  business  management  steps,  is 
undertaken  for  both  the  protection  of  Calgon  Carbon  and  its 
.  customers.  The  procedure  has  undoubtedly  contributed,  to  the 
Company's  successful  operation  of  reactivation  facilities  since 
the  early  1970 !s. 

Step  2   -     Proper  System  Design  with  Effective  Carbon  Transfer 
Design  Features 

A  second  key  step  in  Calgon  Carbon's  reactivation  process  is 
proper  adsorber  and  transport  vessel  design  to  insure  a  totally 
closed  loop  process .   In  Calgon  Carbon's  approach,   it  is  first 
determined  if  off -site  carbon  reactivation  is  the  most  economical 
or  the  best  option  for  the  customer.   When  it  is,  then  it  is 
important  that  all  spent  carbon  can  be  removed  efficiently  from 
the  user  site  without  worker  exposure,  safely  transported  in  DOT 
approved  equipment  back    to    our    reactivation   facilities, 
efficiently  unloaded  at  the  reactivation  "site  without  worker 
exposure  to  the  spent  carbon  and  then  properly  stored/reactivated 
(as  will  be  discussed  below)  .  This  closed  loop  process  begins 
with  proper  adsorption  system  design. 

The  adsorption  system  design  will  affect  the  loading  of  the 
carbon,  the  ability  to  remove  all  the  carbon,   carbon  handling 
costs  (time  management)  ,  and  the  possibilities  of  worker  or 
environmental  exposure. 

Calgon  Carbon's  pre-engineered  systems  are  designed  to  (1) 
optimize  on-site  loading  to  help  reduce  reactivation  costs,  (2) 
remove  all  the  spent  carbon,  (3)  remove  the  carbon  quickly  thus 
minimizing  handling  costs,  and  (4)  avoid  all  worker/ environmental 
exposure.  Suffice  it  to  say,  the  choices  for  transporting  spent 
carbon  include  (1)  return  of  the  vessel  itself,  (2)  bulk  back 
bins,  or  (3)  specially  designed,  owned,  and  operated  trucks. 
Since  most  carbon  transport  is  in  the  trucks,  this  option  is 
further  discussed  below. 

Step  3_  -  Proper  Spent  Carbon  Removal  and  Transport 

Calgon  Carbon  operates  a  fleet  of  trucks  which  are  desicned 


to  be  used  with  our  Model  7.5,  Model  10,  Model  12  and  Dual 
Adsorber  Modules  to'-  completely  remove  and  transport  10,000 
2  0,000  lb.  loads  of  carbon  per  carbon  exchange.  The  operation  of 
these  trucks  is  quite  '  simple.  Transfers  from  them  are  made  by- 
creating  a  defense  phase  carbon  slurry  which  is  then  transferred 
by  air  pressure.  When  a  truck  delivers  new  carbon  to  a  site,  the 
carbon  can  transferred  to  the  adsorber  by  pressurizing  the  truck 
hopper. 

likewise,  by  pressurizing  the  spent  carbon  adsorber  with  air, 
spent  carbon  is  transferred  back  to  the  truck  for  -  return  to  the 
reactivation  facility.  Depending  on  carbon  requirements,  transfer 
tanks  may  be  located  on-site  to  assist  in  the  carbon  transfers,  or 
two  trucks  will  be  employed  if  that's  the  most  economical 
alternative. 

Some  of  the  important  steps  Calgon  Carbon  takes  relative  to 
spent  carbon  removal  and  transport  are: 

Calgon  Carbon  provides  customers  supply  assurance 
through-  its  carbon  manufacturing  capabilities  and 
operation  of  a  private  fleet  of  trucks,  used  exclusively 
for  our  carbons. 

Every  driver  is  specially  trained  in  carbon  transport/ 
changeout  procedures  .  and  must  pass  an  annual 
recertification  test. 

Calgon  Is  trailers  are  all  fully  licensed  and  insured  up 
to  $6MM  in  case  of  an  accident 

All  worker/ environmental  exposure  _-  is.  eliminated  as  the 
entire  process  is  a  totally  closed  loop  process. 

Step  4  -  Proper  Spent  Carbon  Storage  and  Reactivation 

It  is  important  to  note  that  spent  carbons  returned  to 
Calgon  Carbon's  reactivation  facilities  have  been  used  in  a 
variety  of  applications,  most  of  which  are  not  hazardous.  The 
carbons  may  have  been  used  to  treat  process  water,  for  tertiary  or 
-secondary  waste  water  treatment  in  industrial/municipal  plants, 
for  groundwater  treatment,  or  for  applications  where  dilute 
concentrations  of  dissolved  organic  contaminants  have  been 
removed.  Typically,  the  spent  carbon  loads  returned  are  about  50% 
activated  carbon,  40%  entrained  moisture  and  10-15%  organic 
adsorbates.  The  prior  reactivation  test  has  provided  critical 
information  on  how  well  this  carbon  will  reactivate  at  various 
conditions.  This  information  is  all  relevant  to  the  reactivation 
process,  as  discussed  below. 

when  the  trailer  full  of  spent  carbon  arrives  at  Calgon 
Carbon's  reactivation  plant,   it  is  pneumatically  transferred  to 
specially  designed  and  lined  storage  tanks.   The  carbon  is  stored 
therein  under  water  at  all  times  to  protect  against  any  release 


to  the  environment.  The  storage  tanks  are  located  within  a  diked 
containment  area,  and  equipped  with  an  overfill  control  system . 
They  regularly  undergo  internal  inspection  and  other  preventative 
maintenance  measures. 

The  specific  .'.  spent  carbon  will  be  pumped  as  a  slurry  to  a 
furnace  feed  tank:  '  and  reactivated  in  Calgon  Carbon's  multiple 
hearth  furnaces,  which  are  classified  as  Resource  Recovery  unit 
operations  under  RCRA.  The  reactivation  process  drives  off  the 
adsorbates  and  oxidizes  them  to  CO  ,  water ,  acid  gases,  etc. 
Reactivation  occurs  at  high  temperatures  in  an  inert  atmosphere  so 
that  the  adsorbates  are  destroyed,  but  most  of  the  carbon  is 
recovered  for  reuse.  Furnace  off  gases  are  diverted  to  an 
afterburner  where  any  residual  hydrocarbon  decomposition  products 
are  oxidized.  The  off  gases  are  then  sent  to  a  scrubber  .where 
acid  gases  are  neutralized.  The  gas  then  enters  a  baghouse  filter 
system  where  neutral  salts  and  particulates  are  removed.  Solid 
wastes  generated  are  stored  on-site  (in  a  hazardous  waste 
designated  area)  until  they  can  be  transported  off -site  for  proper 
disposal. 

When  the  reactivated  carbon  exits  the  furnace,  it  is 
evaluated  to  insure  that  all  adsorbed  organic  compounds  have  been 
driven  off  and  destroyed. 

The  reactivated  carbon  is  pumped  to  and  stored  in  FRP  tanks 
similar  to  the  spent  carbon  storage  tanks.  They  also  are  located 
in  the  containment  area  which  includes  a  10,000  gallon  containment 
sump.  A  water  treatment  storage  system  is  located  next  to  the 
carbon  storage  tank  and  is  used  to  store  spent  carbon  slurry  water 
and  any  other  aqueous  wastes  generated,  for  subsequent  treatment. 

The  reactivation  sites  at  Neville  Island,  PA,  and 
Catlettsburg,  KY,  are  insured  in  the  amount  of  $6  million  each  to 
protect  against  sudden  and  accidental  pollution.  They  have  been 
successfully  operating  since  the  early  1970' s  and  have  reactivated 
more  than  400MM  lbs.  of  carbon  safely  and  effectively.  The  plants 
are  monitored  around  the  clock  to  insure  consistent  attainment  of 
all  regulatory  requirements. 


Step  5.  -  On-Going  Technical  Services 

Calgon  Carbon  provides  reactivation  customers  an  on-going 
commitment.  That  commitment  includes  providing  many  types  of 
technical  services.  Should  the  waste  change,  as  often  is  the  case 
in  groundwater  applications,  Calgon  Carbon  can  provide  a 
re-assessment  of  the  process/ system  requirements  using  computer 
models  or  proprietary  testing  techniques.  We  re-evaluate  our 
ability  to  provide  safe  carbon  handling/ transport  and  reactivation 
services,  at  least  annually,  as  further  detailed  in  our  Waste 
Analysis  Plan. 


The   Calgon   Carbon  reactivation   facilities   and  program   is    a 
"state-of-art"    effort  that  we  believe  no   one   else   is   currently 
prepared   to    offer.      Our  intent  is  very  simple   —  to   help    solve 
customer  problems   efficiently,    economically  and  permanently. 
Calgon  Carbon  takes  pride'  in  helping  customers   rid  the   environment 
of  organic  contaminants,    once  and  for  always. 
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Use  of  Carbon  Adsorption  Processes  in 
Groundwater  Treatment 

Mark  H.  Stenze!  and  William  J.  Merz 

Calgon  Carbon  Corporation,  P.O.  Box  717,  Pittsburgh,  PA  15230 

One  of  the  leading  treatment  technologies  for  reduction  of  organic 

contaminants  in  groundwater  has  become  the  adsorption  process  utilizing 

granular  activated  carbon  (GAC). 

This  paper  presents  a  methodology  for  selecting  the  proper  adsorption 

system  design.  The  use  of  the  isotherm  test  for  evaluation  of  carbon 

adsorption  is  discussed,  with  new  data  on  adsorption  of  VOCs  presented. 

The  use  of  the  dynamic  column  study  for  system  design  and  its  relationship 

to  the  isotherm  test  is  reviewed  using  actual  case  studies.  Design  and 

economics  for  full-scale  GAC  systems  are  discussed.  The  use  of  adsorption 

to  remove  organic  contaminants  from  vapor  sources  resulting  from 

groundwater  treatment  is  also  reviewed. 


INTRODUCTION 


The  chemical  process  industry  (CPI)  may  need  to  pump 
and  treat  groundwater  for  two  different  reasons:  either  to 
treat  groundwater  so  it  can  be  used  as  a  resource,  or  to 
treat  groundwater  as  part  of  a  remedial  activity.  The  treat- 
ment of  groundwater  so  it  can  be  used  is  becoming  more 
common,  as  the  CPI  often  faces  the  same  problems  as 
many  municipal  drinking  water  utilities  in  that  even  deep 
and  heretofore  clean  aquifers  have  become  contaminated 
with  trace  amounts  of  organic  compounds.  Removal  of 
these  compounds  is  often  necessary  before  this  water  can 
be  used.  In  the  removal  and  treatment  of  groundwater  as 
part  of  a  remedial  activity,  the  situation  may  reflect  simi- 
larities to  wastewater  treatment,  in  that  a  CPI  site  cannot 
allow  waste  chemicals  to  migrate  off-site,  as  would  occur 
if  contaminated  groundwaters  were  allowed  to  flow  un- 
treated beyond  the  site  boundaries. 

In  both  categories,  the  organic  contaminants  of  concern 
are,  for  the  most  part,  chlorinated  aliphatic  and  aromatic 
solvents,  commonly  referred  to  as  Volatile  Organic  Con- 
taminants (VOCs).  These  VOCs  have  become  of  primary 
concern  as  they  have  little  affinity  for  soil,  and  thus  rap- 
idly pass  through  the  soil  and  enter  the  aquifer.  Once  in 
the  aquifer,  the  VOCs  can  migrate  quickly  in  the  ground- 
water and  since  they  are  often  resistant  to  natural  degra- 
dation, they  can  persist  for  long  periods  of  time  [I]. 

Adsorption  with  granular  activated  carbon  (GAC)  is  a 
treatment  technology  that  is  now  widely  accepted  for  re- 
moval of  these  VOCs  from  groundwater.  The  acceptance 
of  GAC  adsorption  is,  in  part,  based  on  its  long  history  of 
effectively  removing  organic  contaminants   from  water 


and  wastewater.  The  CPI  has  used  the  adsorption  process 
to  purify  water  and  a  wide  variety  of  products,  and  has 
used  it  as  a  physical  treatment  process  in  wastewater 
treatment'  -.. 

In  evaluating  the  use  of  GAC  for  the  treatment  of 
groundwaters,  either  for  use  or  as  part  of  a  remedial  activ- 
ity, the  investigator  needs  to  properly  define  the  problem 
and  determine  the  applicability  of  alternative  treatment 
technologies,  including  GAC.  If  GAC  is  to  be  evaluated, 
methods  are  available  to  accurately  predict  the  capital 
and  operating  cost  of  applying  adsorption  treatment. 
These  costs  can  then  be  compared  to  other  applicable 
technologies,  so  that  the  most  cost-effective  solution  can 
be  selected. 


TREATING  GROUNDWATER  FOR  USE 

In  treating  groundwater  for  use,  the  CPI  is  faced  with 
many  of  the  same  problems  as  the  drinking  water  indus- 
try, where  small  amounts  of  VOCs  have  been  detected  in 
potable  water  aquifers.  The  EPA,  under  the  1986  Amend- 
ments to  the  Safe  Drinking  Water  Act  (SDWA),  is  to  gen- 
erate Maximum  Contaminant  Levels  (MCLs)  for  83  speci- 
fic contaminants  by  1989.  Many  of  these  specific 
contaminants  are  VOCs.  Limits  have  already  been  issued 
for  eight  such  compounds,  Table  1  shows  four  of  these. 
These  compounds  are  specifically  regulated  for  drinking 
water.  Many  of  the  listed  VOCs,  which  are  now  being  de- 
tected in  nearly  20%  of  potable  groundwater  supplies  [2], 
may  be  detrimental  to  processes  and  products  produced 
by  the  CPI. 
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i  able  i.  Maximum  Contaminant  Levels  for  Four 
Contaminants 


Compound 


Trichloroethylene 
Carbon  Tetrachloride 
1,2  Diehloroethane 
Benzene 


MCL  (mg/1) 

0.005 
0.005 
0.005 
0.005 


The  success  of  GAC  in  removing  these  types  of  organic 
contaminants  has  resulted  in  the  SDWA  Amendments 
stating  that  other  treatment  techniques  must  be  at  least  as 
effective  as  GAC  in  order  to  be  considered  as  a  "Best 
Available  Technology"  [3].  Thus,  GAC  has  been  estab- 
lished as  the  benchmark  technology,  and  its  use  should 
be  considered  in  any  evaluation  of  technologies  for  treat- 
ment of  groundwater. 

Evaluation  Techniques — Adsorption  Isotherms 

A  basic  evaluation  technique  for  activated  carbon  is  the 
liquid-phase  adsorption  isotherm.  The  adsorption  iso- 
therm is  a  batch  test  designed  to  determine  the  equilib- 
rium relationship  between  the  organic  compound(s)  in 
the  water,  measured  as  concentration,  and  the  organic 
compound(s)  adsorbed  on  the  activated  carbon,  expressed 
as  weight  of  contaminant  per  unit  weight  of  activated  car- 
bon (carbon  capacity). 

Isotherms  have  long  been  used  as  a  preliminary  evalua- 
tion tool  for  the  use  of  GAC  in  wastewater  treatment. 
When  considering  the  adsorption  of  very  low  levels  of 
VOCs,  however,  test  conditions  need  to  be  carefully  con- 
trolled to  prevent  the  volatilization  of  the  solvents  while 
equilibrium  is  being  obtained-  Over  the  past  four  years, 
Calgon  Carbon  Corporation  has  generated  a  family  of  sin- 
gle component  VOC  isotherms  for  use  by  the  water  treat- 
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8.  Methylene  Chloride 


Figure   1.  Single  contaminant  adsorption  isotherms  for  chlorinated  ali- 
phatic solvents. 
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ment  industry.  Isotherm  conditions  were  carefully  se- 
lected so  that  reliable  data  points  were  obtained  to  better 
fix  the  isotherm  plot  These  conditions  included  the  use 
of  samples  with  no  head  space,  long  contact  periods 
(20  hours)  to  assure  equilibrium,  relatively  large  quanti- 
ties of  powdered  GAC  to  minimize  weighing  errors,  and 
the  use  of  relatively  large  concentrations  of  VOCs  to  min- 
imize analytical  errors  [4],  [5]. 

Figure  1  shows  the  results  of  single  component  iso- 
therms for  selected  chlorinated  aliphatic  solvents.  Fig- 
ure 2  shows  results  of  single  component  isotherms  for 
some  aromatic  solvents.  It  is  important  to  note  that  the 
testing  protocol  must  be  consistent  when  comparing  the 
relative  adsorbability  of  one  compound  to  another,  or 
when  considering  the  effect  of  concentration  changes. 

Isotherms  are  useful  in  identifying  whether  activated 
carbon  will  be  an  effective  treatment.  In  fact,  when  con- 
sidering GAC  treatment,  isotherms  such  as  these  can  be  a 
valuable  screening  tool.  Isotherms  will  also  be  useful  in 
determining  the  effect  of  decreasing  contaminant  concen- 
tration, especially  when  used  in  conjunction  with  dy- 
namic testing  or  actual  operating  results. 

Prediction  of  Design  and  Usage  Rates 

The  normal  sequence  of  evaluation  would  be  to  follow 
the  batch  isotherm  test  with  a  dynamic  column  study  to 
fix  system  size  (contact  time)  and  actual  carbon  usage 
rates  so  that  a  complete  economic  analysis  can  be  done.  If 
the  contamination  problem  is  simple,  however,  the  iso- 
therm test  can  be  utilized  to  predict  these  parameters. 

Often  water  drawn  from  deep  aquifers  is  contaminated 
with  only  one  or  two  organic  compounds  that  require  re- 
moval, and  little  background  contamination  from  other 
organic  material  is  present  In  this  situation,  the  investi- 
gator can  have  some  confidence  in  determining  the  sys- 
tem design,  using  historical  column  test  data  to  corrobo- 
rate the  estimates. 
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Figure  2.  Single  contominant  adsorption  isotherms  for  aromatic  solvents. 
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Table  2.  Accelerated  Column  Test  Studies  Low  LeveiVSincle  Contaminant  Cases 


Municipal 

Synthetic 

Synthetic 

Municipal 

Site: 

groundwater 

groundwater 

groundwater 
Trichloroethane 

groundwater 

Contaminant 

Trichloroethylene 

Trichloroethvlene 

Chloroform 

% 

Concentration,  ppb 

30 

202 

205 

126 

; 

Effluent 
objective,  ppb 

1 

1 

1 

1 

Contact  time, 

10 

8.5 

8.5 

12 

minutes 

GAC  usage  rate, 

0.07 

0.12 

0.36 

0.9 

pounds/1000  gals. 

Realized  capacity 

3.6 

14.1 

4.8 

1.2 

mg/gm 

Isotherm  (equilibrium) 

8.0 

27.0 

8.8 

2.6 

capacity,  mg/gm 

Percent  of  equilibrium 

45% 

52% 

54.5% 

46% 

capacity  realized 

8.33  HiJlOOO  Kallons  =  k^/m3. 


Calgon  Carbon  Corporation  has  conducted  many  col- 
umn studies  on  contaminated  potable  groundwaters 
using  a  rapid  small-scale  column  test  [6].  These  tests, 
using  a  single  short  column,  small  size  granules,  and 
mathematical  modeling,  have  proven  to  be  effective  in 
predicting  dynamic  performance  that  has  been  shown  to 
be  similar  to  scaled-column  studies  [7]  and  actual  system 
operation.  The  advantage  of  the  rapid  test  is  that  the  re- 
sults can  be  obtained  in  a  much  shorter  time  frame,  re- 
quiring less  sample  and  less  cost  for  analysis  and  man- 
power. 

These  "Accelerated  Column  Tests"  (ACTs)  have  been 
used  to  model  the  system  performance  by  evaluating  con- 
tact times  and  determining  carbon  usage  rates.  Table  2 
shows  the  results  of  ACTs  run  on  actual  and  synthetic 
groundwater  samples  [5].  The  actual  groundwaters  tested 
had  low  background  organic  contamination  (<0.5  ppm 
TOC).  These  tests  show  that  operating  systems  with  short 
contact  times  can  obtain  45-55%  of  the  theoretical,  or 
equilibrium,  capacity  of  GAC  at  the  time  of  "break- 
through," which  is  when  the  VOC  first  appears  in  the  ef- 
fluent These  tests  also  indicate  that  these  contaminants 
adsorb  in  a  relatively  short  adsorption  zone,  which  means 
that  little  available  adsorptive  capacity  will  remain  upon 
breakthrough. 

Based  upon  the  historical  ACT  data,  a  preliminary  sys- 
tem design  for  removal  of  one  or  two  VOCs  from  a 
"clean"  groundwater  would  include  a  single-stable  ad- 
sorber with  12—15  minutes  contact  time,  calculated  on  an 
empty-bed  basis.  A  single  stage  adsorption  system  will 
minimize  equipment  costs,  and  based  on  a  low  GAC 
usage,  will  optimize  overall  treatment  costs.  The  operat- 
ing GAC  usage  rate  can  be  estimated  at  45-55%  of  the  ca- 
pacity shown  by  the  isotherm. 

A  column  test  such  as  the  ACT  would  be  recommended 
if  there  were  more  contaminants  present  or  if  there  was  a 
substantial  amount  of  background  organic  matter.  In 
some  areas  of  the  country,  even  clean  groundwaters  may 
contain  up  to  8-12  mg/1  of  background  organic  matter;  re- 
ported as  TOC,  which  may  adversely  affect  adsorption  of 
the  specific  contaminants  of  interest.  An  ACT  is  also  rec- 
ommended if  a  more  accurate  prediction  of  carbon  usage, 
using  the  actual  water  to  be  treated,  is  deemed  necessary. 


Adsorption  System  Design  and  Economics 

The  downflow,  fixed-bed  adsorber  is  the  simolest  and 
most  widely  utilized  design  for  groundwater  treatment 
applications.  The  water  enters  the  top  of  the  adsorber,  is 


equally  distributed  across  the  GAC  by  the  packed, 
flooded-bed  design,  and  is  collected  by  slotted  screen 
collectors  across  the  bed  cross-section  at  the  bottom  of  the 
vessel.  The  fixed-bed  design  can  be  either  of  the  gravity 
or  pressure  type.  The  pressure  type  is  normally  recom- 
mended as  it  will  occupy  less  space  because  it  uses 
higher  surface  loading  rates  (up  to  10  gpm/ft2, 
0.0068  m/s),  and  generally,  repumping  of  the  treated 
water  will  not  be  required.  A  fixed-bed  pressure  adsorber 
is  usually  an  ASME  coded  carbon  steel  pressure  vessel 
with  a  corrosion  resistant  lining.  A  single-stage  adsorber 
is  often  provided  with  in-bed^ampling  ports,  if  the  break- 
through of  contaminants  needs  to  be  anticipated. 

Typically,  10  ft.  (3.048  m)  diameter  adsorption  vessels 
containing  20,000  lbs.  (9080  kg)  of  GAC  are  used  for 
groundwater  treatment  service.  This  size  adsorber  and 
GAC  quantity  has  become  an  accepted  standard  size,  as 
the  spent  GAC  from  a  single  unit  can  be  transported  from 
the  site  in  a  single  trailer.  The  GAC  quantity  limitation  is 
due  to  transportation  considerations,  as  the  entire  quan- 
tity of  GAC,  retained  pore  water,  and  adsorbate  will 
weigh  approximately  40,000  lbs  (18,160  kg).  Each  of 
these  adsorbers  can  treat  up  to  350  gpm  (0.022  m3/s)  at  a 
contact  time  of  15  minutes,  and  an  overall  system  pres- 
sure drop  in  the  range  of  15  psig  (0. 1  Mpa). 

The  following  example  shows  how  the  preliminary 
economics  can  be  obtained  for  a  groundwater  treatment 
scenario.  The  assumptions  for  the  groundwater  source 


are: 


Flow: 

Contaminant: 

Concentration: 

Desired  Effluent  Cone: 

Background  Organic  Content: 


300  gpm  (0.019  m3/s) 
Trichloroethylene 
180  fig/1  (ppb) 
<5  u.g/1  (ppb) 
Negligible  (<0.5  ppm) 


Based  upon  the  evaluation  procedure  and  information 
provided,  the  following  preliminary  process  design  can 
be  made: 


Adsorbers: 

GAC: 
Contact  Time: 

Equilibrium  Capacity: 

%  Equil.  Capacity  Expected 

to  be  Realized 
Estimated  GAC  Capacity: 
Estimated  GAC  Usage: 


One  10  ft.  (3.048  m)  dia. 

adsorber 
20,000  lbs.  (9,080  kg) 
17  minutes  (empty  bed 

basis) 
25  mg  TCE/gm  GAC 

(Figure  1) 
50%  at  breakthrough 

12.5  mg  TCE/gm  GAC 
0.12  lb.  GAC/1,000  gal. 

(0.0145  kg'm3) 
20,000  lbs.  (9,0S0  kg) 
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Table  3.  Adsorption  System  Annual  Costs  Low  LeveiVSincle 
Contaminant 


Amortization  of  capital 

(8.75%  interest/20  years) 
Maintenance 

(5%  of  installed  capital) 
Energy  costs 

(3.5  BHP  for  additional  15  psig; 

8c7KWH) 
GAC  usage1 

(20,000  lb.  Calgon  F-300; 

$0.90/Ib.) 
GAC  freight 

(one  bulk  delivery) 

Total  annual  cost 
Unit  cost 


$13,400 
6,250 
2,400 

18,000 

2,750 


$42,800 
$0.27/1000  gal. 


Assumes  supplier  of  GAC  can  remove  spent  carbon  and  arrange  for  disposition  or 
reactivation  in  an  environmentally  safe  manner. 


humic  substances.  The  type  of  other  organic  compounds 
present  may  influence  carbon  usage,  even  though  their 
removal  is  probably  not  required.  Poorly  adsorbed  com- 
pounds, for  instance,  will  have  little  effect  on  usage  rates 
whereas  more  strongly  adsorbed  compounds  will  com- 
petitively adsorb  with  the  contaminants  of  concern  and 
adversely  affect  usage  rates.  For  such  cases,  the  isotherm 
evaluation  can  only  be  used  as  a  preliminary  screening 
tool.  Published  single-component  isotherms  can  establish 
whether  the  compounds  of  interest  are  amenable  to  ad- 
sorption, and  which  compounds  will  likely  control  the 
cost-effectiveness  of  carbon  treatment.  Isotherms  con- 
ducted on  the  specific  groundwaters,  and  perhaps  evalu- 
ated on  a  TOC  (Total  Organic  Carbon)  basis  will  show  the 
presence  o£  background  organic  compounds  and  will  in- 
dicate what  portion  of  these  can  be  deemed  non-adsorba- 
ble.  If  carbon  treatment  is  viable,  however,  one  needs  to 
use  more  advanced  evaluation  to  completely  fix  the  per- 
formance and  economic  parameters. 


^ 


carbon  transfer  piping,  and  provided  with  20,000  lbs 
(9080  kg)  of  GAC  can  be  installed  on  an  existing  founda- 
tion for  approximately  $85,000.  A  foundation,  well  pump 
upgrade  (if  necessary),  tie-ins  to  the  existing  system,  and 
project  management  might  result  in  a  total  capital  expen- 
diture of  approximately  $125,000  for  a  complete  300  gpm 
(0.019  m3/s)  system. 

The  annualized  operating  cost  is  shown  in  Table  3, 
which  results  in  a  complete  treatment  cost  of  approxi- 
mately 27  cents  for  each  1,000  gallons  treated.  This 
amount  assumes  that  the  supplier  of  the  fresh  GAC  will 
be  capable  of  removing  and  safely  handling  the  spent 
GAC,  or  possibly  reactivating  it  for  reuse.  This  cost  is  in 
general  agreement  with  EPA  estimates  of  34  cents  per 
1,000  gallons  (3.78  m3),  based  upon  systems  below 
1  MGD  (3785  m3/day)  providing  99%  removal  of  TCE  at  a 
500  ppb  or  less  initial  concentration  [8].  Also,  in  a  survey 
of  similar  applications  with  low  contaminant  levels  and 
single-stage  adsorption,  Calgon  Carbon  estimated  treat- 
ment costs  in  the  range  of  22  to  55  cents  per  1,000  gallons 
(3.78  m3)  [9]. 

TREATING  GROUNDWATER  FOR  REMEDIATION 

In  dealing  with  remediation  activities,  the  most  impor- 
tant factor  is  that  the  groundwater  is  withdrawn  at  a  rate  at 
least  sufficient  to  prevent  the  migration  of  the  contamina- 
tion, or  preferably,  to  capture  the  contamination  and 
eventually  remove  the  contaminants  from  the  site.  After 
establishing  the  water  pumping  rate,  there  are  numerous 
methods  of  treatment  available,  depending  on  site-spe- 
cific situations.  Of  primary  concern  is  the  degree  of  treat- 
ment required.  A  checklist  for  degree  of  treatment  would 
vary,  depending  on  whether  the  water  will  ultimately  be 
sent  to  a  wastewater  treatment  facility,  either  in  an  exist- 
ing plant  or  off-site  POTW,  whether  it  will  be  discharged 
under  existing  permits,  or  whether  it  will  be  recharged 
into  the  aquifer.  If  discharged  to  an  existing  treatment  fa- 
cility, for  example,  it  is  likely  that  point  source  treatment 
will  be  needed  to  reduce  volatile  and  biologically  resist- 
ant or  toxic  contaminants. 

Once  the  flow,  contaminants,  and  degree  of  treatment 
are  fully  defined,  an  evaluation  of  potential  treatment 
processes  can  be  made.  For  the  type  of  organic  com- 
pounds prevalent  in  contaminated  groundwaters,  espe- 
cially chlorinated  aliphatic  and  aromatic  solvents,  ad- 
sorption with  GAC  has  proved  to  be  a  highly  effective 
treatment. 

The  groundwaters  withdrawn  in  remediation  projects 
often  contain  a  complex  mix  of  contaminants.  If  drawn 
from  a  shallow  aquifer,  the  groundwater  may  also  contain 
other    organic    compounds,    such    as    natural    occurring 


Evaluation  Techniques — Column  Studies 

If  a  review  of  the  isotherm  data  establishes  that  GAC  is 
a  viable  treatment  technique,  a  scaled-column  study  can 
be  conducted  to  observe  the  breakthrough  characteristics. 
Based  on  proper  selection  of  contact  times,  a  carbon 
usage  rate  can  be  established  for  economic  analysis.  The 
isotherm  review  will  also  establish  the  least  adsorbable 
contaminant  of  interest,  so  that  a  column  study  can  be 
monitored  for  breakthrough  of  only  that  contaminant  to 
simplify  the  analysis  and  reduce  analytical  costs.  Al- 
though the  scaled-column  test  is  the  best  technique  to  de- 
fine GAC  system  parameters,  there  can  still  be  physical 
problems  with  the  handling  of  water  containing  volatile 
contaminants,  and  the  time  and  expense  involved  with 
such  a  study  can  be  significant. 

The  rapid,  small-scale  column  test,  such  as  the  ACT,  is 
often  a  good  means  of  obtaining  dynamic  data  within  a 
short  period  of  time.  Knowledge  of  the  flow  rate  and  in- 
fluent characteristics  is  usually  sufficient  to  select  a  con- 
tact time.  This  information,  coupled  with  the  understand- 
ing of  what  will  be  an  economical  adsorption  system  size 
for  the  actual  site,  would  help  select  the  contact  time  ulti- 
mately modeled.  With  the  use  of  an  actual  field  sample, 
the  ACT  will  take  into  account  actual  operating  situa- 
tions; including  the  mass  transfer  zones  as  determined  by 
the  kinetics  of  adsorption  and  competitive  effects  of  mul- 
tiple components.  The  ACT  will  provide  information  on 
usage  rates  at  breakthrough  and  saturation  for  the  contam- 
inants under  consideration,  which  will  be  useful  in  deter- 
mining system  configuration  and  the  degree  of  treatment 
for  the  economic  analysis. 

Table  4  shows  the  results  of  a  variety  of  ACT  studies 
conducted  by  Calgon  Carbon  on  actual  groundwater 
samples.  These  samples  show  a  cross  section  of  examples 
that  might  be  expected  in  remedial  activities,  such  as 
cleaning  groundwaters  from  spills,  leaking  underground 
tanks  or  pipelines,  leachates  from  dump  sites,  or  from 
normal  industrial  activity.  Before  running  these  studies,  it 
was  determined  that  adsorption  was  an  applicable  treat- 
ment, but  that  more  information  was  needed  to  confirm 
the  system  design  and  carbon  usage  rates. 

Cases  1  and  2  show  situations  that  are  relatively  simple 
and  exhibit  low  GAC  usage  rates;  indicating  that  a  single- 
stage  adsorption  system  would  still  be  the  optimum  sys- 
tem. Case  1  also  indicates  that,  due  to  the  relatively 
higher  concentration  of  trichloroethylene,  a  higher  driv- 
ing force  toward  equilibrium  results  in  60%  of  the  equi- 
librium capacity  of  the  isotherm  being  realized. 

Case  3  covers  a  situation  in  which  a  poorly  adsorbed 
contaminant  is  present  in  the  mixture.  Combined  with 
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Table  4.  Accelerated  Column  Test  Studies  Groundwater  from  Remediation  Sites  (Actual  Site  Samples) 


"> 


Simulated 

con 

ditions 

Adsorbates 

At  breakth: 

rough 

At  saturation 

Contact 

Contaminant 

Effluent 

Loading 

time 

(order  of 

Concentration 

GAC  load 

lbs/1000 

cone.             lbs/1000 

Case 

gpm/sf 
3.8 

min. 

breakthrough) 

mg/I 

mg/gm 

61 

gallons 
0.45 

mg/I              gallons 

1 

18 

Trichloroethylene 

33 

0.001                 — 

2 

2.0 

35 

Benzene 

0.024 

0.5 

0.4 

0.002                 — 

Toluene 

0.116 

2.4 

0.4 

0.002                 — 

Xylene 

0.530 

13 

0.4 

0.001                 _ 

3 

3.5 

20 

Methylene  chloride 

0.007 

0.014 

5.8 

0.001              5.2 

Chloroform 

0.268 

2J8 

0.8 

C.004              0.7 

Cis-l^-Dichloro- 

0.118 

2J3 

0.5 

0.9O1               0.46 

ethylene 

Carbon  tetrachloride 

39.8 

— 

— 

—                     — 

4 

3.8 

20 

1,2-Dichloroe  thane 

0.095 

0.13 

5.9 

0.003              4.0 

Chloroform 

0.223 

0-37 

5 

0.010              4.0 

Carbon  tetrachloride 

3.08 

6.4 

4 

0.010                — 

5 

1.3 

100 

Benzene 

0.034 

3.1 

3.0 

0.003              2.0 

Toluene 

4.6 

79.0 

3.0 

0.125              2.1 

Xylene 

4.1 

— 

— 

—                    — 

6 

1.3 

44 

TOC 

150 

— 

— 

55                       — 

Benzene 

10.2 

7.7 

11 

0.002                — 

Toluene 

8.2 

9.7 

7 

0.002                — 

7 

2.6 

22 

TOC 

15 

— 

— 

15                       — 

Phenol 

44 

147 

2.5 

0.04                1.1 

Benzene 

0.44 

4.6 

0.8 

0.33                0.74 

1470  gpm/sf  =  m/s 


other  VOCs,  the  presence  of  methylene  chloride  results 
in  a  relatively  high  carbon  usage  rate,  if  the  methylene 
chloride  is  to  be  removed  to  non-detectable  levels.  The 
designer  has  several  options  available  in  designing  an  ad- 
sorption system  for  this  situation.  One  option  is  to  add  a 
second  stage  to  the  process  to  allow  the  first  stage  to  reach 
saturation,  thereby  reducing  the  carbon  usage  rate  by  ap- 
proximately 10%.  A  second  option,  depending  upon  the 
disposition  of  the  water  and  the  applicable  treatment  lim- 
its, is  to  allow  the  methylene  chloride  to  break  through 
the  carbon  system  and  remain  in  the  effluent  or  allow 
downstream  mixing  to  reduce  the  concentration.  Third, 
the  use  of  a  combination  of  technologies  can  be  con- 
sidered for  a  case  like  this.  Finally,  the  designer  may  ex- 
pect the  concentration  of  the  methylene  chloride  to  di- 
minish over  time  and  disregard  its  effect  on  the  usage 
rate.  For  the  last  two  cases,  the  economic  analysis  would 
be  based  on  removal  of  the  remaining  VOCs,  which,  in 
this  example,  would  be  determined  by  chloroform  re- 
moval. 

Cases  4  and  5  both  exhibit  the  benefit  in  adding  a  sec- 
ond stage  to  an  adsorption  system,  especially  when  work- 
ing with  a  mixture  of  contaminants  in  the  mg/1  range.  In 
these  cases,  a  30-32%  decrease  in  carbon  usage  rate  was 
realized  by  allowing  the  carbon  to  obtain  full  utilization 
for  the  contaminant.  In  Case  5,  involving  aromatic  sol- 
vents, although  benzene  is  more  poorly  adsorbed  than  to- 
luene, both  contaminants  breakthrough  and  reach  satura- 
tion at  about  the  same  time  due  to  the  much  greater 
concentration  of  the  toluene. 

In  some  situations,  one  contaminant  may  be  present  to 
a  much  greater  extent  than  the  other  compounds  in  a  mix- 
ture. In  certain  examples,  such  as  Cases  3  and  4,  these 
contaminants  will  adsorb  preferentially  and  other  con- 
taminants will  breakthrough  first.  In  other  examples,  such 
as  Case  5,  the  predominant  contaminant  may  break- 
through first.  The  designer  may  have  to  monitor  for  both 
the  predominant  contaminant  and  the  less  adsorbable 
contaminants  in  order  to  determine  the  carbon  usage  rate. 

Cases  6  and  7  illustrate  the  effect  of  the  presence  of 
other  organic  compounds  that  need  not  be  controlled  by 
the  treatment  process.  As  discussed  earlier,  the  adsorba- 
bility  of  these  organic  compounds  may  influence  the  ad- 


sorption of  the  contaminants  of  interest.  The  ACT  test 
should  determine  the  overall  effect  of  such  compounds 
on  the  usage  rate  for  removal  of  specific  contaminants 
under  consideration.  In  Case  6,  the  presence  of  150  mg/1 
TOC  increases  the  carbon  use  rate  for  benzene  and  to- 
luene above  that  which  might  have  been  expected  after 
observing  Case  5.  In  Case  7,  a  non-volatile  contaminant, 
phenol,  is  adsorbed  to  a  greater  degree  than  benzene,  but 
it  will  breakthrough  first,  due  to  its  higher  concentration 
and  solubility.  Due  to  the  adsorption  of  phenol,  the  ca- 
pacity of  GAC  for  benzene  is  adversely  affected.  For  this 
case,  addition  of  the  second  stage  will  improve  usage 
rates  for  the  phenol  and  benzene. 

These  column  studies  illustrate  some  of  the  design  de- 
cisions that  need  to  be  made  when  conducting  an  analysis 
of  GAC  treatment.  Consideration  of  a  second  stage  may 
improve  carbon  usage  and  optimize  the  treatment  cost. 
Knowledge  of  effluent  requirements  will  determine  the 
proper  control  point  for  the  adsorption  process,  and  an 
understanding  of  impacts  of  change  in  influent  levels  may 
influence  the  selection  of  the  treatment  process. 

Adsorption  System  Design  and  Economics 

As  a  remedial  treatment  would  likely  encounter  a  mix 
of  contaminants  or  contaminant  concentration  in  the  mg/1 
range,  a  staged  adsorption  system  design  would  generally 
be  recommended  to  minimize  carbon  usage  and  optimize 
treatment  costs.  Multiple  pressure  vessel  systems,  nor- 
mally two  units,  will  achieve  the  staged  process  design. 
The  second  unit  will  continue  to  adsorb  contaminants, 
while  the  first  stage  is  allowed  to  become  more  or  less 
fully  saturated  for  the  contaminants.  When  the  first  stage 
is  refilled  with  fresh  GAC,  it  is  then  returned  to  service  as 
the  second  stage  unit.  To  allow  for  return  of  the  spent 
GAC  in  the  same  trailer  that  delivered  the  fresh  GAC,  a 
transfer  tank  is  often  used  to  temporarily  hold  the  spent 
GAC  while  the  fresh  GAC  is  unloaded  into  the  adsorber. 
The  GAC  usage  rate  will  normally  determine  whether  the 
inclusion  of  s  transfer  tank  is  economically  attractive. 

Activaced  carbon  treatment  of  groundwaters  with  con- 
taminants in  the  mg/1  range  will  likely  result  in  higher 


Environmental  Progress  (Vol.  8,  No.  4) 


November,  1989       261 


levels,  a  two-stage  system  is  selected  to  assure  both  the 
achievement  of  this  effluent  level  and  to  minimize  GAC 
usage.  The  following  process  design  was  selected: 


Figure  3.  Two-stage  adsorption  system.  This  photo  illustrates  an  installed 
two-stage  adsorption  system.  Each  adsorber  is  a  10  ft.  (3.048  m)]  diame- 
ter vessel  containing  20,000  lbs.  (9080  kg}  of  granular  activated  carbon. 
The  system  is  skid  mounted  for  ease  of  installation  and  pipe  support.  This 
site  treats  350  gpm  (0.022  nrVs)  for  groundwater  treatment. 


carbon  usage  rates  and  greater  contaminant  concentra- 
tions on  the  spent  carbon.  The  advantage  of  carbon  ad- 
sorption is  that  these  contaminants  have  been  concen- 
trated and  can  be  retained  in  the  carbon  granule  for 
transport.  If  the  spent  carbon  is  sent  to  a  thermal  reac- 
tivation process,  the  contaminants  will  be  thermally  de- 
stroyed in  the  process  and  the  carbon  can  be  reused.     • 

Each  individual  adsorber  in  the  staged  system  would 
be  similar  to  the  single-stage  adsorber  described  previ- 
ously, with  a  piping  network  utilized  to  effect  the  staging 
procedure.  Figure  3  shows  a  typical  two-stage  adsorption 
system  using  two  10  ft.  (3.048  m)  diameter  adsorbers, 
each  of  which  contains  20,000  lbs  (9080  kg)  of  granular 
activated  carbon. 

The  following  example  illustrates  an  economic  analy- 
sis, using  Case  5  as  a  basis.  Assuming  that  benzene,  to- 
luene, and  xylene  are  to  be  reduced  to  non-detectable 


Table  5.  Adsorption  System  Annual  Costs  Remedial  Site — 
Case  5 


Amortization  of  capital 

(8.75%  interest/20  years) 
Maintenance 

(5%  of  installed  capital) 
Energy  costs 

(3.5  BHP  for  additional  15  psig; 

8«t/KWH) 
GAC  usage1 

(20,000  lb.  Calgon  F-300; 

<a$0.80/lb.) 
GAC  freight 

(10  hulk  trailer  deliveries) 

Total  annual  cost 
Unit  cost 


$  37,600 

17,500 

2,400 

160,000 

27,500 


Flow: 

System: 
Quantity  GAC: 

Contact  Time: 
GAC  Usage: 


200  gpm  (0.0126  m3/s) 
(24  hrs./day,  345  days/yr.) 

two-stage  plus  transfer  tank 

20,000  lbs.  (9,080  kg) 
per  stage 

26  minutes/stage 

2  lbs71,000  gallons  treated 
(0.24  kg/m3) 


$245,000 
$2.47/1000  gal. 


1  Assumes  supplier  of  GAC  can  remove  spent  caH»n  and  arrange  for  disposition  or 
reactivation  in  an  environmentally  Side  manner- 


It  is  assumed  for  this  example  that  the  carbon  usage  rate 
from  the  column  study  is  obtainable  at  shorter  contact 
times.  The  capital  cost  for  the  two-stage  system,  with 
transfer  tank,  is  predicted  to  be  $350,000,  utilizing  the 
same  assumptions  as  for  the  single-stage  system. 

The  breakdown  of  the  annualized  operating  cost  is 
shown  in  Table  5  which  results  in  a  treatment  cost  of  ap- 
proximately $2.47  per  1,000  gallons  (3.785  m3)  treated. 
The  largest  portion  of  this  operating  cost  is  due  to  the  on- 
going cost  of  GAC.  Any  reduction  in  influent  concentra- 
tion will  be  direcdy  reflected  in  savings  in  carbon  cost.  In 
the  survey  cited  earlier  [9],  Calgon  Carbon  estimated 
costs  in  the  range  of  48  cents  to  $2.52  per  1,000  gallons 
(3.785  m3)  treated  for  similar  situations,  using  two-stage 
adsorption  systems  and  recycling  the  activated  carbon  via 
thermal  reactivation.  The  choice  on  how  to  handle  the 
spent  carbon  is  an  important  decision  in  any  application 
of  carbon  adsorption,  but  particularly  so  in  remedial  treat- 
ment, where  carbon  usage  is  higher. 

Reactivation  offers  a  number  of  advantages  over  dis- 
posal, including  lower  cost  in  most  cases,  plus  the  assur- 
ance that  reactivation,  if  properly  done,  will  destroy  the 
adsorbed  contaminants  in  the  process  and  remove  them 
from  the  environment  While  reactivation  can .  theoreti- 
cally be  performed  on-site,  most  of  these  types  of  projects 
will  have  too  low  a  carbon  usage  to  justify  on-site  reac- 
tivation, and  reactivation  will  be  performed  off-site  by  a 
company  offering  reactivation  services.  Spent  carbons 
from  remediation  projects,  in  particular,  will  often  be 
considered  a  hazardous  waste  under  the  RCRA  regula- 
tions. If  the  spent  carbon  is  manifested  as  a  hazardous 
waste,  it  is  important  that  the  company  accepting  the 
spent  carbon  have  all  requisite  RCRA  and  other  permits, 
and  that  the  facility  affords  protection  against  occurrence 
of  environmental  incidents.  It  is  also  in  the  generators  in- 
terest that  the  provider  of  reactivation  services  have  the 
necessary  insurance  coverages  and  resources  to  properly 
indemnify  the  generator  of  the  spent  carbon  against  a  po- 
tential liability  for  improper  carbon  handling. 


Pretreotment  for  Carbon  Adsorption  Systems 

At  times,  groundwaters  from  remedial  activities  may  be 
complex  in  nature  and  multiple  treatment  steps  may  be 
required,  of  which  carbon  adsorption  may  be  an  integral 
part  to  remove  specific  organic  contaminants  to  non- 
detectable  levels.  If  the  pre-treatment  system  to  the  GAC 
adsorption  system  includes  precipitation  of  settling  steps 
for  metals  or  suspended  solids  removal,  it  is  recom- 
mended that  filtration  be  included  in  the  design.  While 
granular  carbon  itself  is  an  excellent  filtration  medium,  it 
may  develop  high-pressure  drop  faster  than  a  unit  process 
designed  for  more  in-depth  filtration.  Also,  pressure  fil- 
ters often  utilize  smaller  diameter  units  operating  at 
higher  surface  loading  rates  and,  thus,  required  less  back- 
wash water.  If  a  carbon  unit  is  operating  alone  as  a  treat- 
ment step,  however,  it  is  recommended  to  include  a  back- 
wash or  backfiush  capability  so  that  the  unit  can  be  kept 
in  operation  for  the  full  life  of  the  GAC. 
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Computer  generated  Isotherms  from  adsorption  theory; 

Adsorption  on  Calgon  Carbon  Type  BPL  GAC 

Temperature:  77*9,     Relative  HumWity:  <  40% 
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Figure  4.  Yapor  phase  isotherms. 


Another  step  that  may  precede  adsorption  is  air  strip- 
ping for  removal  of  the  most  volatile  contaminants.  In 
many  cases,  the  air  stripping  process  can  remove  the  bulk 
of  the  VOCs  ahead  of  the  adsorption  unit,  greatly  reduc- 
ing the  carbon  usage  rate  needed  to  remove  the  overall 
VOCs  to  non-detectable  levels.  This  approach  could,  for 
example,  be  considered  for  the  methylene  chloride  case 
(Case  3)  previously  discussed.  If  an  air  stripper  system  is 
considered,  all  of  the  operating  expenses  for  an  air  strip- 
per need  to  be  taken  into  account  These  expenses  in- 
clude downtime  for  cleaning  and  disposal  of  cleaning 
chemicals  used  for  controlling  scaling  and  fouling,  and 
repumping  the  effluent  Possible  influent  variation, 
change  in  contaminant  mix,  effect  of  non-volatile  contam- 
inants, and  potential  requirements  for  off-gas  treatment 
may  result  in  the  air  stripper  not  reaching  treatment  ob- 
jectives, and  added  expense  for  design  changes  or  addi- 
tional treatment 

For  relatively  clean  groundwaters,  it  may  be  more  eco- 
nomical to  remove  the  VOCs  by  air  stripping  and  use  ad- 
sorption with  GAC  to  remove  them  from  the  air  stream,  as 
vapor  phase  GAC  has  more  capacity  for  organic  contami- 
nants adsorbed  from  air  than  liquid  phase  GAC  has  for  the 
same  contaminants  in  water. 

ADSORPTION  OF  CONTAMINANTS  FROM  AIR  SOURCES 

Two  aeration  techniques  that  are  finding  acceptance  in 
removing  VOCs  at  remedial  sites  are  air  stripping  for  re- 
moving VOCs  from  groundwater,  and  in-situ  soil  air  strip- 
ping that  removes  VOCs  from  the  unsaturated  zone  above 
the  water  table.  In  both  cases,  VOCs  are  transferred  to  a 
vapor  stream  that  may  require  treatment  to  remove  the 
contaminants  before  they  are  released  to  the  environ- 
ment. Carbon  adsorption  is  widely  used  in  this  applica- 
tion, as  it  has  for  many  years  been  a  well-established 
technology  for  removing  organic  compounds  from  vapor 
sources,  such  as  solvent  recovery  operations  in  industry 
and  odor  control  in  wastewater  treatment 


Evaluction  i  echniques — Adsorption  Isotherms 

As  with  the  liquid  phase  evaluation,  the  vapor-phase 
adsorption  isotherm  is  the  basic  evaluation  technique  for 


removal  of  organic  contaminants  from  air.  The  compi- 
lation of  single  component  isotherms  in  Figure  4  show 
the  greater  capacity  for  the  contaminants  in  the  vapor 
phase.  This  phenomena  is  partly  explained  by  the  struc- 
ture of  the  vapor  phase  carbons  compared  to  the  liquid 
phase  carbons,  and  partly  due  to  the  behavior  of  the  sol- 
vents in  their  vapor  state.  In  general,  preliminary  vapor 
phase  carbon  usage  can  be  predicted  by  adding  the  car- 
bon usage  generated  by  each  individual  contaminant,  as 
competitive  adsorption  effects  are  less  of  a  concern  in  the 
vapor  phase  than  in  the  liquid  phase.  The  isotherm  pre- 
diction assumes  relatively  low  moisture  in  the  vapor,  as 
high  moisture  (greater  than  50%  RH)  can  cause  the  GAC 
pores  to  fill  with  water  and  adversely  affect  the  predicted 
vapor  phase  capacity. 


Design  of  Vapor  Phase  Adsorption  Systems 

The  choice  of  vapor-phase  adsorption  systems  is  usu- 
ally between  one  of  two  basic  processes:  regenerable  and 
non-regenerable  adsorption  systems.  The  choice  be- 
tween the  two  systems  is  based  on  economics,  with  par- 
ticular consideration  given  to  the  expected  life  of  the  re- 
medial project  In  in-situ  soil-stripping  processes,  for 
example,  the  initial  organic  loading  may  be  high,  but  then 
it  often  falls  off  rapidly  in  an  asymptotic  manner  [JO],  so 
that  the  design  of  choice  is  nearly  always  a  non-regenera- 
ble type  when  the  project  life  is  taken  into  consideration. 
For  air  stripper  systems,  however,  a  regenerable  system 
may  be  more  economical  than  one  in  which  the  carbon  is 
replaced  and  disposed  of  on  a  frequent  basis. 

In  a  non-regenerable  system,  the  contaminated  air  is 
passed  through  the  adsorption  system  and  discharged.  If 
the  contaminated  air  is  from  an  air  stripper,  the  air  may  be 
heated  by  approximately  25-3CTF  (14-17°C)  to  reduce  the 
humidity  to  less  than  50%,  thus  providing  for  greater  ad- 
sorptive  capacity  by  minrmizmg  the  tendency  for  water 
vapor  to  condense  and  fill  the  pores  of  the  GAC.  The  capi- 
tal cost  for  a  non-regenerable  systems  is  generally  low,  as 
adsorbers  and  duct  are  often  constructed  of  FRP.  The  size 
of  the  vessel  is  determined  by  two  factors.  The  vessel  di- 
ameter is  determined  by  the  air  flow  rate,  often  in  the 
range  of  40-80  fpm  (0.2-0.4  m/s)  face  velocity  and  the  bed 
depth  of  GAC,  normally  3  to  5  ft.  (0.9-1.5  m)  depth,  de- 
pending upon  the  frequency  of  exchange  required. 

Vapor-phase  adsorption  occurs  in  a  very  short  depth  of 
the  bed,  so  relatively  short  bed  depths  can  be  employed, 
as  compared  to  the  deeper  bed  depths  normally  used  in 
liquid  phase  systems. 

The  equipment  cost  of  a  vapor  phase  adsorption  system 
is  approximately  equal  to  the  equipment  cost  of  the  air 
stripping  equipment  it  is  associated  with.  The  cost  of  car- 
bon on  a  per  pound  basis  may  be  two  to  three  times  that  of 
liquid  phase  GAC,  as  the  price  for  vapor  phase  carbon  is 
higher,  and  spent  carbon  handling  costs  may  be  higher 
due  to  the  higher  contaminant  loadings  obtained  in  the 
vapor  phase. 

In  a  regenerable  vapor-phase  adsorption  system,  the 
GAC  can  be  regenerated  in  place.  The  regeneration  of 
GAC  in  vapor-phase  service  requires  less  severe  condi- 
tions than  that  required  for  regeneration  cf  liquid  phase 
carbons  since  there  is  a  low  level  of  mositure  in  the  car- 
bon particle.  Also,  the  adsorbed  organic  compounds  are 
volatile  to  begin  with  and  are  more  easily  desorbed  from 
the  carbon  surface.  Liquid-phase  systems  also  will  tend  to 
adsorb  many  non-volatile  compounds  and  other  organic 
compounds  that  are  not  easily  desorbed.  The  use  of  re- 
generable systems  becomes  economical  when  the  carbon 
exhaustion  rate  is  high,  and  the  amount  invested  in  re- 
generable systems  is  offset  by  the  savings  in  the  cost  of 
purchasing  replacement  GAC. 


Environmental  Progress  (Vol.  8,  No.  4) 


November,  1989        263 


The  steam  regenerable  system,  as  is  often  used  in  sol- 
vent recovery  operations,  is  the  most  common  type  of  re- 
generable system.  In  this  process,  contaminated  air  is 
passed  through  one  of  two  carbon  adsorbers  and  then  dis- 
charged. While  one  adsorber  is  on  line,  the  second  is  re- 
generated by  heating  the  GAC  to  about  220°F  (105°C) 
with  steam.  The  steam  carrying  the  desorbed  organic  con- 
taminants is  then  cooled  in  a  condenser,  and  the  conden- 
sate is  collected  for  disposal. 

The  capacity  of  GAC  for  the  contaminants  in  a  steam  re- 
generable system  is  often  less  than  for  fresh  GAC.  This 
working  capacity  of  the  GAC  is  determined  by  the  type  of 
contaminants  being  desorbed  and  the  degree  of  removal 
required.  In  many  cases,  this  working  capacity  may  be 
less  than  20%  of  the  capacity  of  fresh  GAC  due  to  reten- 
tion of  adsorbed  contaminants  in  the  small  carbon  pores. 

There  are  newer  processes  available  that  can  be  used 
when  a  more  complete  regeneration  is  desirable.  A  more 
complete  removal  of  adsorbed  contaminants  can  be  ef- 
fected using  a  hot  inert  gas,  nominally  at  350°F  (175°C), 
for  in-place  regeneration.  This  hot  gas  regeneration  re- 
covers a  greater  portion  of  the  working  capacity  than  is 
obtained  with  steam  regeneration.  The  organic  contami- 
nants desorbed  and  carried  with  the  hot  gas  can  be  re- 
moved by  cooling  or  can  be  oxidized  by  sending  the  gas 
direcdy  to  a  thermal  oxidizer.  This  type  of  regenerable 
system  may  be  especially  viable  if  disposal  of  condensate 
from  a  steam  regenerable  system  becomes  a  major  factor, 
or  if  the  goal  is  to  obtain  complete  destruction  of  contami- 
nants at  the  site  [11]. 

CONCLUSION 

The  need  to  remove  organic  contaminants  from 
groundwater,  either  to  insure  safety  of  the  groundwater 
resource  or  to  remediate  an  underground  wastewater 
problem,  has  become  a  widespread  concern  of  the  CPI. 
Adsorption  with  granular  activated  carbon  is  a  widely  ac- 
cepted technology  for  removal  of  these  contaminants,  and 
normally  should  be  an  integral  part  of  an  investigation  of 
treatment  alternatives. 


Both  a  historical  data  base  for  screening  the  applica- 
bility of  GAC  and  evaluative  techniques  to  determine  the 
economics  of  treatment  exist  to  establish  the  cost  effec- 
tiveness of  adsorption.  The  procedure  presented  here 
will  hopefully  be  helpful  as  a  point  of  reference  to  evalu- 
ate other  treatment  technologies  and  as  a  planning  tech- 
nique for  the  employment  of  activated  carbon  adsorption. 
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During  the  last  few  years  much  valuable  experience  has  been  gained  in 
treating  water  containing  organic  contaminants  with  granular  activated  carbon. 

There  is  an  Answer  to 


Contamination 


by  Robert  P.  O'Brien  and  J.L.  Fisher 

With  increasing  regularity,  many 
areas  of  the  U.S.  are  finding  the 
groundwater  from  which  they  draw 
their  potable  supplies  are  contami- 
nated with  potentially  hazardous  or- 
ganic compounds.  Industry,  govern- 
ment and  the  public  now  recognize 
that  haphazard  and  improper  waste 
disposal  practices  in  the  past,chemical 
spills,  and  leachates  from  lagoons  and 
dumpsites  are  major  causes  of  ground- 
water contamination. 

What  is  not  so  well  known  is  that 
there  is  a  proven  technology  which  is 
being  used  more  and  more  to  treat  and 
purify  contaminated  groundwater. 

That  technology  is  adsorption  with 
granular  activated  carbon  (GAC),  and 
a  significant  amount  of  operating  expe- 
rience has  now  been  obtained.  Results 
from  31  operating  plants  that  employ 
granular  carbon  to  remove  toxic  organ- 
ic compounds  from  groundwater  sup- 
plies are  now  available  in  detail.  These 
plants  have  been  treating  contami- 
nated flows  ranging  from  5  to  2,250 
gpm,  and  the  knowledge  gained  from 
running  these  facilities  promises  to  be 
valuable  in  implementing  future 
groundwater  strategies  and  treatment. 

The  causes  of  the  groundwater  con 


tamination  at  the  31  different  sites  for 
which  Calgon  Carbon  Corporation 
provided  carbon  adsorption  equip- 
ment and  adsorption  technology  were 
classified  three  ways:  leachate  from 
lagoons  and  dumpsites;  industrial  acci- 
dents and  spills;  and  spills  resulting 
from  railroad  or  truck  accidents.  In- 
dustrial accidents  accounted  for  22  out 
of  the  31  sources  (Table  1). 

As  these  sources  of  contamination 
are  different,  so  too  are  the  reasons  for 
groundwater  treatment.  The  same  ta- 
ble shows  that  in  15  of  the  31  cases, 
carbon  treatment  was  applied  to  pre- 
vent the  spread  of  contamination 
throughout  an  aquifer.  This  was  ac- 
complished by  drilling  purge  wells 
around  the  site  of  a  spill  or  accident. 
These  wells  were  pumped  at  a  set  rate 


to  create  a  cone  of  depression  and  pre- 
vent further  migration  or  spread  of  the 
organic  contaminants.  Granular  car- 
bon systems  were  used  to  treat  water 
from  the  purge  wells  prior  to  discharge 
to  a  receiving  stream,  re-injection  to 
the  well  field,  or  reuse. 

A  further  twelve  carbon  systems 
were  used  for  the  purification  of  pota- 
ble water,  and  the  remaining  four 
were  operated  for  the  decontamina- 
tion of  plant  process  water.  Since  the 
wells  already  existed  in  these  situa- 
tions, granular  carbon  systems,  de- 
signed for  pressure  operation,  were 
easily  added  to  well  discharge  lines. 

Data  available  from  these  treatment 
systems  clearly  show  the  ability  of 
GAC  to  remove  a  wide  range  of  organ- 


Aquifer 
Contaminated  By 


Occurrences 


Leachate  from  lagoons  or 
■  dumpsites 
Industrial  accidents  (chemical 

spills,  tank  leaks) 
ChemicaJ  spills  due  to  railroad 
•  or  truck  accidents 


Total 


22 

_5 
31 


Primary  Reason  for 

Treating  Groundwater      Occurrences 

Clean-up  of  aquifer  (with  purge  wells) 

to  prevent  spread  of  contamination  15 

Plant  process  water  use  4 

Potable  use  12 

Total    31 


Organic  Compounds 
In  Groundwater 

Carbon  tetrachloride 

Chloroform 

Dibromoch  kxopropane 

DDO 

DDE 

DDT 

CJS-1 ,2-cfichtoroethytene 

Dichkxopentadiene 

Dflsopropyl  ether 

Tertiary  methyl-butyleflTer 

Diisopropyl.methyl  phcsphonate 

1 ,3-dichJoropropene 

Dichkxethyl  ether 

Dichtoroisopropylether 

Benzene 

Acetone 

Ethyl  acryiate 

Trichkxotrifioroethane 

Methylene  chloride 

Phenol 

Or1rK>chtorophenol 

Tetrachloroetnylene 

TrichJoroeJnyiene 

1,  1,  1-tricriicroethane 

Virryiiclene  chloride 

Toluene 

Xylenes 


Number  of 
Occurrences 

4 
5 


2 
2 

1 
10 
15 
6 
2 
1 
3 


Influent" 

Concentration 
Range 

130  ug/MO  mg/l 

20  ug/l-3.4  mg/l 

2-5  mg/l 

-  -  '  -;■  ■     1ug/l 

1ug/l 

4  ug/l 

5ug/l-4mg/l 

450ug/l 

;.-■•    20-34  ug/l 

33ug/l 

1,250  ug/l 

10ug/l 

1.1  mg/l 

0.8  mg/l 

0.4-11  mg/l 

10-100  ug/l 

200  mg/l 

6  mg/l 

1-21  mg/l 

63  mg/l 

100  mg/l 

5  ug/t-70  mg/l 

5ug/H6mg/l 

60  ug/ (-25  mg/l 

5  ug/M  mg/l 

5-7  mg/l 

0.2-10  mg/l 


Carbon 
Effluent*. 
Concentration 
Achieved  . 

<1  ug/l 
<1  ug/l 
<1  ug/l 

<.05ug/l 

<0.05  ug/l 

<0.05ug/l 

<1  ug/l 

<10ug/l 
<  Tug/I 

<5.0ug/l 

<50ug/l 
<1  ug/l 
<1  ug/l 
<1  ug/l 
<1  ug/l 

<10ug/l 
<1  mg/l 

<10ug/l 
<100ug/l 
<100ug/I 
<1  mg/l 
<1  ug/l 
<1  ug/l 
<1  ug/l 
<1  ug/l 

<10ug/I 

<lOug/l 


'Analyses  conducted  by  Calgon  Carbon  Corporation  conformed  to  published  U.  S.  EPA  proto- 
col methods.  Tests  in  the  field  were  conducted  using  available  analytical  methods. 
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I 

I 

#1 
I 

U2 
I 

Effluent 


Single  Fixed  Bed  Carbon 
Adsorbers  in  Parallel 


\ 

#1 

Influent 

I 

Effluent 

* 

\ 

#2 

I 

Effluent 

Figure  1.  Carbon  adsorbers  in  series  op- 
eration (top);  carbon  adsorbers  in  paral- 
lel, single  fixed  bed  operation  (below). 


GAC  adsorbers  destined  to  treat  a  municipal  water  supply  are  installed  at  an  Acton, 
Massachusetts  site,  one  of  the  31  applications  reviewed  in  this  article. 


ic  compounds.  Table  2  (page  30)  lists 
the  organic  compounds  found  in  the 
groundwater  supplies  along  with  their 
influent  and  effluent  concentrations 
before  and  after  treatment.  Even 
though  the  type  and  concentration  of 
the  organics  varied  from  location  to 
location,  the  GAC  process  consistently 
reduced  them  to  levels  below  detecta- 
ble limits.  Thus,  all  31  operating  sys- 
tems demonstrated  that  a  properly  de- 
signed granular  carbon  system  can 
produce  very  high-quality  water  from 
a  contaminated  groundwater  supply. 

Trichloroethylene  and  tetrachloroe- 
thylene  were  the  most  frequently  de- 
tected compounds  at  the  treatment 
sites.  They  are  used  extensively  in 
industry  as  metal  degreasers,  drying 
agents  and  extraction  solvents. 

A  few  of  the  aquifers  had  extremely 
high  levels  of  contamination,  with  an 
organic  total  above  100  mg/1  (parts  per 
million,  ppm).  However,  most  ground- 
water applications  call  for  the  removal 
of  contaminants  with  concentrations  in 
the  low  mg/1  or  lower  still  in  the  ug/1 
(parts  per  billion,  ppb)  range.  The  abil- 
ity of  GAC  to  effectively  remove  low  as 
well  as  high  concentrations  of  organics 
is  an  important  consideration. 

Having  designed  and  operated  over 
250  fixed  bed  units,  in  both  series  and 
parallel  configuration,  and  over  150 
moving  bed  units,  our  experience  with 
both  types  of  adsorption  systems  has 
demonstrated  that  a  downflow  fixed 
bed  is  more  cost-effective  than  a 
pulsed  bed  for  groundwater  treatment. 
This  is  especially  true  in  those  applica- 
tions where  the  carbon  usage  rate  is 
nominal  and  the  adsorption  wavefront 


is  short  (e.g.  2  to  3  ft  vs.  30  to  40  ft  in 
some  process  applications}.  In  fact,  a 
properly  designed  fixed  bed  can  oper- 
ate with  the  same  carbon  usage  rate  as 
a  pulsed  bed,  yet  costs  less  to  build. 

Each  adsorber  at  the  treatment  sites 
had  a  capacity  of  20,000  lb,  or  a  full 
truckload,  of  granular  carbon.  The  size 
of  the  units  allowed  the  carbon  to  be 
handled  in  bulk,  which  reduced 
freight  Each  adsorber  also  contained  a 
proven  underdrain  system  comprising 
a  pipe  lateral  network  with  nozzles. 

Spent  or  exhausted  carbon  was  al- 
ways removed  when  organics  were  de- 
tected in  the  system  effluent  Carbon 
removal  was  accomplished  by  using 
air  pressure  for  automatic  transfer  out 
of  an  adsorber  unit  as  a  slurry.  The 
slurry  was  piped  to  a  waiting  truck 
which  returned  the  carbon  to  a  reacti- 
vation center.  The  entire  transfer  pro- 
cedure was  accomplished  in  a  closed 
system  with  no  worker  exposure  to  the 
carbon. 

At  22  of  the  31  sites,  treatment  of 
groundwater  prior  to  carbon  adsorp- 
tion was  not  required.  These  contami- 
nated groundwater  supplies  were  sta- 
ble and  contained  low  concentrations 
of  suspended  solids  which  could  be 
removed  in  the  carbon  bed  without 
impeding  adsorption  or  creating  a  high 
pressure  drop.  Thus  pH  adjustment, 
prefilrration  or  backwashing  of  the 
carbon  adsorbers  was  not  necessary. 
The  hydraulic  surface  loading  ranged 
from  0.25  to  9.6  gpm  sq/  ft. 

Seven  of  the  locations  employed 
multi-media  filtration  ahead  of  carbon 
adsorption  as  a  safety  factor  because 
the  quality  of  the  contaminated  water 


(as  possibly  affected  by  suspended  sol- 
ids) was  not  initially  known.  The  hy- 
draulic surface  loading  at  these  loca- 
tions ranged  from  1.0  to  4.5  gpm  sq/ft. 

At  three  sites,  air  stripping  was  used 
before  carbon  adsorption.  The  purpose 
of  this  was  to  reduce  the  levels  of  vola- 
tile organic  contaminants  and  allow 
the  carbon  adsorption  system  to  act  as 
a  final  polishing  unit. 

Also,  at  six  sites  the  treatment  sys- 
tem design  included  backwashing  of 
the  adsorption  beds.  This  feature  was 
incorporated  either  due  to  high  surface 
loading  rates  of  5.7  to  9.6  gpm  sq/ft,  or 
for  solids  removal  in  certain  potable 
projects. 

One  of  the  most  critical  design  pa- 
rameters for  any  adsorption  sys- 
tem is  contact  time.  This  is  the  length 
of  time  that  the  contaminated  water  is 
in  intimate  contact  with  the  activated 
carbon.  Increasing  the  depth  of  carbon 
for  a  fixed  flow  rate  or  decreasing  the 
flow  rate  for  a  fixed  depth  of  carbon 
both  serve  to  increase  contact  time. 

This  important  design  parameter  is 
generally  expressed  as  superficial  con- 
tact time,  or  the  volume  occupied  by 
the  activated  carbon  divided  by  the 
water  flow  rate.  The  real  contact  time 
is  approximately  one-half  the  superfi- 
cial. Generally  a  superficial  contact 
time  of  7.5  min.  is  adequate  for  treating 
water  that  exhibits  taste  and  odor 
problems.  Longer  times,  however,  are 
usually  required  as  the  types  of  orgar.ic 
compounds  in  groundwater  increase  in 
number  and  concentration,  and  ap- 
proach the  mg/1  range. 
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Figure  2.  Range  of  carbon  contact  times 
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Figure  4.  Range  of  carbon  usage  for 
groundwater  treatment  projects  (mg/l 
levels). 
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Figure  5.  Range  of  carbon  usage  for 
groundwater  treatment  projects  (ug/l 
levels.) 


To  improve  carbon  efficiency  where 
longer  contact  rimes  are  required,  two 
adsorbers  are  usually  connected  in  se- 
ries (Fig.  1,  page  33).  When  the  effluent 
from  the  second,  or  polishing,  bed 
begins  to  approach  the  desired  objec- 
tive, just  the  first  or  lead,  bed  is 
removed  from  service.  Removing  only 
completely  exhausted  carbon  in  this 
manner  assures  maximum  carbon  effi- 
ciency. When  placed  back  on-stream, 
the  second  bed  becomes  the  lead  and  a 
fresh  bed  of  carbon  assumes  the  pol- 
ishing position. 

Operating  conditions  and  results  for 
those  systems  treating  groundwater 
with  organic  contaminants  at  mg/l  lev- 
els are  displayed  in  Table  3  (page  34). 
Of  these  19  systems,  16  employed  two 
or  more  beds  in  series.  Successful 
treatment  was  accomplished  with  total 
superficial  contact  time  as  low  as  16 
min. 

Similarly,  Table  4  (page  34)  shows 
the  results  for  those  systems  treating 
groundwater  with  organic  contami- 
nants at  the  ug/l  levels.  Of  these  12 
systems,  four  had  two  or  more  beds 
operated  in  series  and  eight  had  one  or 
more  beds  in  a  parallel  mode.  Success- 
ful treatment  was  accomplished  for 
these  systems  with  total  superficial 
contact  time  as  low  as  12  min. 

Figures  2  and  3  depict  the  range  of 
contact  times  used  in  the  projects  as  a 
function  of  percent  occurrence.  Fig.  2 
reveals  that  almost  53  percent  of  the 
systems  treating  mg/l  levels  of  contam- 
inants employed  a  contact  time  equal 
to  or  less  than  58  min.  In  the  same 
manner,  Fig.  3  shows  that  over  58  per- 
cent of  those  processing  ug/l  levels  of 
contaminants  used  a  contact  time 
equal  to  or  less  than  30  min. 

Single  fixed  beds  arranged  in  the 
parallel  mode  were  installed  at  the 
majority  of  the  sites  where  influent 
contamination  was  at  ug/l  levels,  be- 
cause of  the  lower  contact  time  re- 
quirements. The  single  fixed  bed  de- 
sign provided  the  advantages  of  a  sim- 
ple piping  network,  savings  in  capital 
dollars  and  short  installation  time.  This 
latter  advantage  was  very  important  in 
dealing  with  emergency  situations. 

Contact  times  listed  in  Tables  3  and 
4  were  the  actual  times  used  at  the 
sites,  but  they  should  not  be  construed 
as  the  optimum  contact  time  for  re- 
moving the  particular  organic  com- 
pounds listed.  In  responding  to  emer- 
gencies such  as  spills,  standard,  readily 
available  adsorption  equipment  was 
used.  Response  time  and  assured  per- 
formance took  precedence  over  the 
optimization  of  contact  time  in  these 
situations.  Thus  the  contact  times  used 
at  some  sites  could  have  actually  pro- 
vided a  substantial  margin  of  safety.  A 
minimum  of  12-15  min.  contact  time  is 
normally  recommended  for  treatment 
of  contaminated  groundwater. 


Virgin  or  reactivated  carbon  was 
used  for  all  of  these  projects.  Virgin 
carbon  (Filtrasorb  300)  was  used  on  the 
13  projects  where  the  treated  effluent 
was  used  for  potable  purposes.  Reacti- 
vated carbon  was  used  at  the  remain- 
ing 18  sites  where  the  effluent  was 
either  discharged  into  a  receiving 
stream  or  re-injected  into  the  related 
well  field. 

Activated  carbon  for  organic  waste- 
water treatment  can  be  used  on  a 
throw-away  basis,  reactivated  on-site 
or  transported  for  reactivation  off-site. 
Use  of  carbon  on  a  throw-away  basis 
can  be  considered  for  potable  water 
projects  where  carbon  life  is  measured 
in  years.  On-site  reactivation  is  com- 
mon on  permanent  projects  where  the 
carbon  requirements  are  large.  Most  of 
the  carbon  used  at  the  31  treatment 
sites  under  study  was  returned  to  the 
company's  reactivation  facilities.  This 
approach  provides  both  economical 
carbon  reuse  and  the  total  destruction 
of  the  organic  compounds  adsorbed  on 
the  carbon. 

As  Table  3  shows,  the  carbon  con- 
sumption rates  for  the  contaminant 
concentrations  in  the  mg/l  range  var- 
ied from  0.45  lb  of  carbon  per  1,000  gal 
to  13.3  lb  of  carbon  per  1,000  gal.  The 
contaminant  concentration  varied 
from  2.0  mg/l  to  200  mg/l  of  organics. 

Predictably,  the  carbon  use  rate  was 
lower  at  those  sites  where  the  organic 
contaminants  were  at  the  ug/l  levels 
(Table  4).  Carbon  consumption  varied 
from  0.1  lb  of  carbon  per  1,000  gal  to  a 
high  of  7.7  lb  of  carbon  per  1,000  gal. 

The  range  of  carbon  consumption 
rates  as  a  function  of  percent  occur- 
rence are  exhibited  in  Figures  4  and  5. 
The  former  shows  that  almost  53  per- 
cent of  the  systems  handling  mg/ 1  lev- 
els of  contaminants  used  less  than  1.54 
lb  of  virgin  carbon  for  every  1,000  gal 
of  treated  water  (the  median  carbon 
dosage).  Figure  5  indicates  that  50  per- 
cent of  those  treating  ug/l  levels  of 
contaminants  used  less  than  0.35  lb  of 
virgin  carbon  per  1,000  gal.  of  water. 

Operating  costs  associated  with 
granular  activated  carbon  treat- 
ment is  dependent  on  a  number  of  fac- 
tors. These  include  flow  rates,  concen- 
tration and  type  of  organics,  type  of 
application  (potable  or  other),  site  re- 
quirements, timing  requirements,  and 
length  of  the  processing  project.  These 
factors  together  can  define  equipment, 
carbon  and  reactivation  needs.  Gener- 
alizations about  costs  can  be  difficult 
when  comparing  a  variety  of  applica- 
tions, but  some  observations  can  be 
made. 

As  expected,  the  operating  cost  for 
GAC  treatment  was  lower  in  the  case 
of  those  projects  with  lower  average 
influent  levels  of  contaminants.  Treat- 
ment costs  for  the  situations  shown  in 
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Operating  Results- 


Table  3 
-Influent  Contaminants  at  mg/l  Levels 


System  Source  of 

No.  Contaminants 


Rail  car 
spill 
Rail  car 
spin 
Rail  car 
spin 

Chemical 

SDiO 


Chemical 
spa 


7  On-site 
storage  tanks 

8  On-site 
storage  tanks 

9  Chemical 
spin 


to 


spin 

Landfill 
srte 


Gasoline 
spin 


13         On-site 

storage  tanks 


14  On-site 

storage  tanks 


Chemical 

spa 

On-site  wed 
storage  tanks 

Chemical 
by-products 

Manufacturing 
residues 

Chemical 
spa 


Contaminants 

Methylene  chloride 
1 . 1 . 1  -Tnchtoroetha  ne 
Phenol 
Orthochtoro-phenol 

Phenol 
Vinytidine  cNonde 

Ethyl  acrylate 

Chloroform 
Carbon  tetrachloride 
Trichloroetnylene 
Tetrachloroethyfene 

Chloroform 

Carbon  tetrachloride 

Trichloroethyfene 

Tetjacnioroethyfene 

OS- 1 . 2-OcMoroethylene 

Trichloroelhylene 

Tetrachkxoethylene 

Methylene  chloride 
1,1.1  .-Trichloroe  thane 

Oichloroelhyl  ether 
r>chloroisopropyi  ether 

Benzene 
Tetrachloroethytene 

TOC 

Chloroform 
Carbon  tetrachloride 
Etc.  etc. 

Benzene 
Toluene 
Xylene 

Trichloroethylene 
Xylene 

bopropyl  alcohol 
Acetone 

1.1.1-Tricrmoroethane 

1.2  Dcntoroelhylene 
Xylene 


CIS-1  ^-Oichloroethytene 

Trichloroethylene 

Tetrachioroethytene 

DnSflpfopyl  fTMStliyf 

pnosphonate 
Dichloropentadiene 

DOT 

TOC 

1.3  Dtciaoropropana 

1 . 1 . 1 -Trichloroethane 

Carbon  tetrachloride 

Tetrachloroelnyfene 


Typical  Typical  Flow 

influent  Effluent  per 

Cone  Cone.  Train 

(mg/l)  (us/I)  (gpm) 


21 
25 

63 

100 

32-4C 
2-4 


130-135 

2-3 

70 

0.8 
10.0 
0.4 
10-20 

OS 


0.4 
4.5 


9-11 
5-7 
6-10 

3« 

2-S 


12 

0.5 
8.0 


0.2 

0.5 
2-0 


<1.0 
<1.0 

<1.0 
<1.0 

<10.0 
<10.0 


<1.0 
<1.0 

<1.0 
<1.0 

<1.0 
<1.0 
<1.0 
<1.0 

<10 
<1.0 
<1.0 

<100 
<1X> 

<1.0 
<1.0 

<1.0 
<1.0 

<5.0mgl 
<1.0 
<1.0 
<1.0 

<100 
Total 

<1.0 
<1.0 

<10.0 
<10.0 


20 


875  TO" 
173 

300  TB- 
100 


Carbon 

Toial  Usage 

Sunaca      Coniact  Rale  Carbon 

Loading         Time  (lb-  Carbon  System 

gpm/ ft-        <mirt-j  1.000  gaL)  Type  Pretreatment 

0.25             534  3.9  Reactivated  None 

1.0               201  5.5  Reactivated  Finratcr 

2.2                 60  2.1  Reactivated  None 

2.0                  52  13.3  Reactivated  Fiflration 

0.5                262  11-6  Reactivated  None 

2  3                 SB  2.6  Reactivated  None 


Carbon 

DltpomJtJon 

Syatem 

Operating 

of 

Back-Washabte 

Moo* 

Efflu«nt 

NO 

2beds 

Discharge    to 

in  seoes 

surface  waier 

NO 

3  beds 

Discharge    io 

m  senes 

surface  water 

NO 

2beds 

Drscherge    io 

*r  seoes 

surtace  water 

No 

2beds 

Discharge    to 

■n  senes 

surface  water 

No 

2  beds 

Process  water 

0.8 


Vrgri 
FS-300 


None 


0-25  526 


2250  TtJ- 
750 
95 

20 


9.6 


16 


1.21  112 

1.6  41 


4.0  Reactivated  None 

0.4S  Reactivated  None 

1.9  Reactivated  None 

1.15  Reactivated  Fatrabon 


0.4  214  <1.01  Virgin 

FS-300 


<S.O 
<1.0 
<1.0 


<1.0 
<1.0 
<1.0 


<10 
<0.S 


0.004 

9.0 

0.01  <1.0 

0.42  <10 
0.464  Each 

5.977  Ccmp. 

S.800 


1.54  Reactivated  None 


IX)  V-R 


3.2  21  0-7-3-0  Vrgsl  FBraSon 

FS-300 

1.91  70  0.7S  Virgin  None 

FS300 


0.7  Reactivated  Frtrabdn 


1.1  Reactivated  FiHraocn 


1.5  Reactivaled  None 


No 

:  bods 
n  senes 

Process  water 

installation 
only 

2beds 
m  seoes 

Process    and 
potable  use 

No 

2  beds 
in  seoes 

Discharge    to 
surtace  water 

Yes 

2  beds 

in  series 

Process    and 
potable  use 

NO 

2fceds 

in  seoes 

Discharge    io 
surface  water 

No 

Dual  mini 
in  series 

Discharge    to 
surface  water 

No 

Dual  mini 
in  series 

Discharge    io 
surtace  water 

NO 

Dual  mini 
in  senes 

Ground 
recharge 

No 

2  bees 
in  senes 

Discharge   to 
sewer 

No 

1  bed 
upflow 

Ground 
recharoe 

No 

2  teas 
in  senes 

Process   and 
potable  use 

NO 

1  bed 

Groundwater 
retfijectjoo 

Yes 

1  bed 

Discharge    to 
surtace  water 

No 

2  beds 
in  senes 

Discharge    tc 
surface  water 

Median  Levels 
TkS  value  represents  total  volume  of  liquid  being  treated  with  granutar  activated  carbon  at  tfxs  site. 


Table  4 
Operating  Results — Influent  Contaminants  at  ug/l  Levels 


System  Source  of 

No.         Contaminants 

1  Solvent 
spill 

2  Gasoline 
tank 
leakage 

3  On-site 
storage 
tanks 

4  Rail  car 
spill 

5  On-site 
storage  tarKS 

6  Chemical 
solvents 

7  Chemcal 
landfill 

8  Gasoline 
tank  leakage 

9  Charrvcal 
solvents 

10  Orvsite 
storage  tanks 

11  Charruca) 

spa 


Cherrvcal 


Median  Levels 


Contaminants 

1 . 1 . 1  -Trichforoolhane 
Trichtoroethylene 
Tetrachloroemyiene 
Methyl  T-Butyi  Ether 
r>isopropyf  Efher 
Tnchteroethylene 
Chloroform 
Trichloroelhylene 

Chloroform 

Tnchkvoe  rnytene 

Trichloroetnylene 

Tetrachioroerhytene 

1 . 1 . 1  -Tnchloroetnane 

1 . 1 -Oichloroethylene 

Tnomoroethytene 

Ocsoorocyf  Ether 

Tnchloroctnyiene 

CS-1 .2-Dichloroetnylene 

Tnchkxoethytene 

OS- 1 .2-Oichloroerrtylene 

Tnchtoroethyiene 

Tetrachloroefhylene 

CS- 1 , 2-Oichloroemyvjne 

TncWoroethyierie 

Tetrachkxoethylene 


Typical  Typical  Flow  Total 

Influent  Effluent        per  Surtace  Contact 

Cone  Cone  Train  Loading         Tim* 

(ug/l)  (ug/l)  (opm)  gpra/tt/  (mm.) 


143 
8.4 

26 

30-35 

30-40 

50-60 

300-SOO 

5-10 

20 

30-250 

30-40 

140-200 

60-80 

5-15 

40-50 

2O30 

20-25 

10-15 

50 


<1.0 
<1.0 
<1.0 
<5.0 
<1.0 
<1.0 
<100 
<1.0 

<1.0 

<l  0 

<1.0 
<1.0 
<1.0 
<1.0 
<1.C 
<1.0 
<1.0 
<1.0 
<1.C 

<1  0 
<1.0 
<1.0 
<1  0 
<t.0 
<1  0 


350  4.5 

450  5.7 

200  2.5 

30  0.6 

350  4.5 

260  3.3 

350  4  5 

450  5  7 

160  2  0 

250  16 


15 


Carbon 

Usage 

Bat* 

(lbs. 

1.000  gaL) 

040 


160 
30 
21 

30 


7.7 

0.16 

0.21 

<0  45 

0.10 

<C32 

038 

C25 


Carbon 
Type 


VffOBI 

FS-300 


Virgin 
FS-300 


Virgin 
FS-300 


Vrgm 
FS-300 

Vrgm 
FS-300 

Vrgm 
FS-300 

Virgin 
FS-300 

Virgin 
FS-300 

Vrgm 
FS-300 

Vrgm 
FS-300 

Vrgm 
FS-300 


Carbon 
System 

Pretreatment 


Carbon 

System 

Back-Washable 

@  Installation 
only 


a  Installation 
only 


Filtration 
air  sr^> 
None 

None 

An  stno 

None 

None 

None 

None 


t>  tnstallation 
only 
No 


Operating 
Mode 


2bodsm 
parallel 

4  beds  in 
parallel 

1  bed 

2  Dedsm 
senes 

3  beds  m 
parallel 

2  boos  m 
senes 
2  beds 
in  parallel 

1  bed 

2  beds  in 
parallel 

2  bedsm 
senes 

2  beosm 
senes 


Disposition 

of 

Effluent 

Potable  use 


Process  and 
potable  use 

Discharge  to 
surface  water 
Potab-e  use 

Potable  use 

Potable  use 

Potable  use 

Potabe  use 

Potable  use 

Potable  use 

Potflbie  use 


Groundwater  Contamination 

Table  4  (ug/l  influent)  which  were 
installed  on  a  permanent  basis  range 
from  approximately  $0.22/1,000  gal  to 
$0.55/1,000  gal.  Operating  costs  of  the 
facilities  covered  in  Table  3  (mg/1 
influent)  and  installed  on  a  permanent 
basis  ranged  from  $0.45/1,000  gal  to 
$2.52/1,000  gal.  Figure  6  displays  all  of 
these  costs  in  simple  graphic  form.  The 
level  of  contamination  was  reduced  to 
less  than  detectable  levels  in  each  pro- 
ject. 

The  cost  figures  listed  for  the  31 
cases  include  allowances  for  all  the 


necessary  equipment  installation  costs, 
and  the  supply  of  granular  carbon  as 
required.  Cost  of  treatment  with  gran- 
ular carbon  is  well  within  the  range  of 
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Figure  6.  Granular  carbon  operating  costs 
for  groundwater  treatment 


Reprinted  from  the  May  1983  issue  of  WATER/Engineering  &  Management 


conventional  treatment  processes. 
Coupled  with  the  fact  that  GAC  can 
remove  a  wide  range  of  toxic  organics, 
this  data  helps  show  that  the  granular 
carbon  approach  is  a  cost-effective  an- 
swer to  the  recovery  and  reuse  of  con- 
taminated groundwater. 

Based  on  these  and  other  experi- 
ences in  the  treatment  of  industrial 
and  municipal  wastewaters  with  gran- 
ular carbon,  the  following  observa- 
tions should  be  considered  in  the  oper- 
ation of  a  groundwater  contaminant 
removal  system. 

•  Some  well  water  supplies  could 
possibly  have  a  high  pH  and  be  unsta- 
ble with  respect  to  the  precipitation  of 
calcium  salts.  pH  adjustment  of  the 
water,  or  feeding  of  a  scale  inhibitor, 
may  be  necessary  to  prevent  precipita- 
tion in  the  lines  or  carbon  adsorbers. 

•  A  monitoring  program  of  the  car- 
bon system  effluent  needs  to  be  estab- 
lished, with  trace  organic  analyses  per- 
formed on  a  scheduled  basis  in  order 
to  change  the  granular  carbon  at  the 
optimum  time. 

•  Chlorination  should  follow  car- 
bon treatment  in  those  systems  where 
the  well  water  is  being  used  for  pota- 
ble purposes. 

In  the  future,  the  use  of  proper  haz- 
ardous waste  disposal  techniques 
will  help  ensure  the  preservation  of 
underground  water  resources.  Howev- 
er, the  operating  results  in  these  full- 
scale  plants  have  demonstrated  that 
granular  activated  carbon  is  an  effec- 
tive and  efficient  treatment  process  for 
removing  organic  compounds  from 
groundwater  supplies  that  have  al- 
ready become  contaminated. 

The  31  treatment  systems  studied 
and  documented  have  shown  that 
granular  activated  carbon  treatment: 

•  Reduces  a  wide  range  of  organic 
compounds  to  levels  below  their  de- 
tection limits. 

•  Has  been  accomplished  at  re- 
mote locations  without  pre-filtration  or 
backwashing  of  the  carbon  beds. 

•  Has  been  an  effective  adsorption 
process  with  total  superficial  contact 
times  as  low  as  12  min. 

•  Has  achieved  carbon  usage  rates 
as  low  as  0.1  lhof  carbon  per  1,000  gal 
of  water  treated. 

e  Can  provide  a  source  of  high- 
quality  water  at  a  total  operating  cost 
as  low  as  $0.22/1,000  gal. 
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SITE  IDENTIFICATION : 

Po table  Groundwater  Treatment  Systems 
Del  Este  Eater  Company 
Modesto,  California. 


SITE  DESCRIPTION: 


In  July  of  1989,  the  California  Department  of  Health  Services  (DOHS) 
lowered  the  drinking  water  standard  for  Dibromochloropropane  (DBCP)  from 
1.0  ppb  to  0.2  ppb.  As  a  result  of  the  lowered  standard,  the  Del  Este 
Vater  Company  shut  down  and  removed  from  service  seven  production  wells. 

Faced  with  the  potential  of  increased  water  demand  in  the  summer  of 
1990,  Del  Este  applied  and  received  an  amended  operating  permit  to  allow 
use  of  wells  that  did  not  meet  the  new  standard.  The  permit  specified 
the  order  in  which  the  wells  would  be  returned  to  service.  Also  as  part 
of  the  permit,  Del  Este  agreed  to  a  timetable  for  installing  well-head 
treatment  systems. 

Although  Del  Este  had  no  intention  of  using  the  wells  exceeding  the  new 
DBCP  standards  except  during  severe  situations,  adverse  publicity  over 
the  amended  permit  caused  them  to  accelerate  plans  for  well-head 
treatment. 

Del  Este  had  already  determined  that  alternatives  such  as  drilling  new 
wells  or  deepening  old  -wells  were  unacceptable,  and  that  well-head 
treatment  with  carbon  adsorption  was  the  most  viable  and  cost-effective 
approach.  Del  Este  Water  Company,  being  a  privately-owned  utility,  also 
decided  that  the  best  procedure  was  to  prequalify  and  work  closely  with 
a  single  supplier.  This  qualification  was  based  on  background, 
capability,  system  quality  and  based  upon  events-response  capability. 

In  January  1990,  Del  Este  began  to  work  with  Calgon  Carbon  in  developing 
proposal  for  and  delivery  of  treatment  system.  Application  of  Calgon 
Carbon's  pre-engineered,  proven  treatment  systems  facilitated  both 
installation  and  offered  substantive  cost  savings.  Most  of  the 
treatment  systems  would  be  installed  at  a  total  cost  of  about  $200,000 
to  Del  Este,  including  all  site  work  and  connections. 

A  purchase  order  was  issued  to  Calgon  Carbon  in  early  March  for  seven 
systems  (five  of  which  were  to  be  delivered  within  30  days,  and  two 
within  60  days).  All  seven  well  sites  were  returned  to  operation  in 
June  of  1990,  meeting  all  DOES  water  quality  standards.   Subsequently, 
an  eighth  treatment  system  was  installed  in  Spring  of  1991. 


CALGON  CARBON  CORPORATION 

EXPERIENCE  REFERENCE 


(CONTINUED) 


REPORTED 
SEPTEMBER,  1992 


SITE  IDENTIFICATION: 

Potable  Groundwater  Treatment  Systems 
Del  Este  Water  Company 
Modesto,  California 


SYSTEM  DESIGN  PARAMETERS: 
System  Design: 

Adsorber  Size: 

Adsorber  Rating: 
GAC  Amount  &  Type: 

Flow: 
Contact  Time: 

Contaminants: 

Performance: 
GAC  Usage  Rate: 

Reference: 


(basis  -  individual  well) 

Two  (2)  adsorbers;  series  or  parallel  operation, 
normally  operated  in  parallel 

10-foot  diameter  x  14-foot  straight  side 
(backwashable) 

ASME  Code  125  psig  at  150°F 

20,000  pounds  Calgon  Carbon  Filtrasorb  300 
per  adsorber 

1000-1500  gpm  per  well 

9-6  minutes 

(empty  bed  or  "EBCT"  basis) 

Up  to  1.4  ppb  DBCP 

(most  wells  0.5-0.8  ppb  DBCP) 

DBCP  less  than  0.02  ppb  (or  ND) 

0.04-0.08  lb  GAC/ 1000  gallons 

(estimated  range  based  on  contaminant,  flow) 

Mr.  Ken  Ward 
Production  Manager 
Del  Este  Water  Company 
430  Tenth  Street 
Modesto,  CA  95353 
(209)  522-1073 


CALGON  CARBON  CORPORATION  REPORTED 

EXPERIENCE  REFERENCE  .  OCTOBER,  1989 

SITE  IDENTIFICATION: 

Temporary  Granular  Activated  Carbon  Water  Treatment  System 
City  of  St.  Anthony 
St.  Anthony,  Minnesota 

SITE  DESCRIPTION: 

In  1988,  Calgon  Carbon  Corporation  provided  a  complete 
adsorption  system  to  treat  contaminated  potable 
groundwater  for  the  City  of  St.  Anthony.   The  system  was 
provided  to  St.  Anthony  on  a  temporary  basis,  to  operate 
for  an  expected  500  days,  or  until  a  permanent  treatment 
facility  could  be  installed  and  operational. 

The  system  consisted  of  4  adsorbers  to  be  operated  in 
parallel.   The  system  was  designed  to  treat  up  to  2,400 
gpm  at  a  total  system  pressure  drop  of  less  than  15  psig. 
The  adsorption  system  was  to  reduce  volatile  organic 
compounds  (VOCs)  in  the  influent,  consisting  of  1,2 
dichloroethylene,  trichloroethylene  and  other  chlorinated 
aliphatics,  from  levels  of  up  to  35  ug/1  to  less  than  1 
ug/1. 

The  treatment  system  consisted  of  ASME  coded,  75  psig 
lined  steel  adsorbers,  all  steel  piping  with  butterfly 
valves  for  flow  control,  and  all  other  auxiliary  piping 
and  instruments  to' comprise  a  complete  treatment  system. 
Calgon  Carbon  Corporation  was  responsible  for  the 
installation  of  the  adsorption  system  including  initial 
fill  of  80,000  lb.  GAC  and  start-up  of  system. 

In  early  1988,  upon  finding  VOC  contamination  in  the 
potable  groundwater,  St.  Anthony  contracted  with  Rieke 
Carroll  Muller  Associates  (RCH)  of  Kinnetonka,  Minnesota 
to  develop  a  specification  for  a  temporary  treatment 
system.   This  specification  called  for  suppliers  to  bid  on 
installation,  service  fee  and  tear  down  for  the  temporary 
equipment,  as  well  as  a  fee  for  each  pound  of  VOC  removed 
by  the  system. 

Calgon  Carbon  bid  the  treatment  service  on  May  18th  and 
was  awarded  the  contract  on  June  3.   In  approximately  30 
days,  as  required  by  the  contract,  the  treatment  system 
was  installed,  filled  with  GAC  and  ready  for  operation. 

The  system  operated  until  June  20,  1989  when  contaminants 

were  detected  at  0.2  ug/1.   At  this  time,  the  treatment 

system  had  treated  536  million  gallons,  for  a  carbon 
usage  of  0.15  lb/1000  gallons. 


CALGON  CARBON  CORPORATION 
EXPERIENCE  REFERENCE 


( CONTINUED ) 


REPORTED 
NOVEMBER,  1989 


The  temporary  treatment  system  is  expected  to  remain 
on-line  until  September  1,  1990,  at  which  time  a  permanent 
carbon  adsorption  treatment  facility  will  be  installed 
(and  operational  in  1991). 

In  the  course  of  the  contract  with  the  City  of  St. 
Anthony,  Calgon  Carbon  Corporation  provided  all  payment 
and  performance  bonds,  certificates  for  the  labor  rates, 
affirmative  action  and  equal  opportunity  required  for 
municipal/government  agency-'contracts . 


SYSTEM  DESIGN  PARAMETERS 
System  Design 
Adsorber  Size 
GAC  Amount  &  Type 

Flow 
Contact  Time 

Contaminants 

Performance 
GAC  Usage  Rate 
Reference 


4  Adsorbers,  Parallel  Operation 

10  ft.  diameter  x  10  ft.  side 

20,000  lb.  Calgon  Carbon 
Filtrasorb  300  per  adsorber 

2400  gpm  (600  gpm  per  adsorber) 

9  minutes 

(empty  bed  or  'EBCT'  basis) 

VOCs  (Dichloroethylene, 
trichloroethylene,  etc.) 
up  to  35  ppb  total 

VOCs  to  less  than  1  ppb 

0.14  lbs/1000  gallons,  actual 


Mr.  Charles  S.  Barger  P.E. 

Project  Manager 

Rieke  Carroll  Muller  Assoc 

10901  Red  Circle  Drive 

Minnetonka,  MN   55343 

612-935-6901 

Mr.  Larry  Hamer 
City  of  St.  Anthony 
3301  Silver  Lake  Road 
St.  Anthony,  MN   55418 
612-789-8881 
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Activated  Carbon 

Restores  Acton  Water  Supply 

District  lost  one  million  gallons  of  water  per  day,  40  percent  of  its  water 
supply,  when  two  wells  were  found  chemically  contaminated. 


By  John  E.  MacLeod  and  George R.  Allan 


Many  New  England  municipali- 
ties have  traditionally  taken 
pride  in  the  fact  that  water 
from  their  gravel-packed  wells  requires 
no  treatment.  Some  do  not  even  require 
chlorinaiion.  Unfortunately,  the  purity 
of  these  suppliers  has  led  some  commu- 
nities to  place  too  much  faith  in  na- 
ture's ability  to  protect  the  quality  of 
their  groundwater. 

During  the  past  four  years,  the  dos- 
ing of  more  than  two  dozen  public  wa- 
ter supplies  in  Massachusetts  has  dem- 
onstrated the  susceptibility  of  ground- 
water to  contamination.  One  of  the  first 
communities  to  be  affected  was  Acton, 
a  town  22  mite;  west  of  Boston. 

Acton's  water  district  lost  one  million 
gallons  per  day  (mgd),  40  percent  of  its 
water  supply,  in  December  1978  when 
two  wells  were  taken  out  of  service  af- 
ter several  organic  chemicals  —  includ- 
ing trichloroethylene,.  dichloroethylene, 
methylene  chloride,,  and  benzene  — 
were  detected-  The  district  removed  the 
wells  from  service  until  the  source  and 
toxicity  of  the  contaminants  could  be 
resolved. 

The  two  wells  —  Assabet  No.  1  and 
Assabet  No.  2  —  are  in  the  Sinking 
Pond  aquifer,  which  encompasses  ap- 
proximately 375  acres.  Sixty-five  of  the 
acres  are  owned  by  the  water  district. 
More  than  100  test  wells  penetrated  the 
aquifer's  sand  and  gravel  overburden 
during  various  investigations,  making  it 
one  of  the  most  studied  iquifers  in 
Massachusetts. 

The  municipal  wells  each  have  a  yield 
of  0.5  mgd.  During  1978,  their  average 
total  monthly  withdrawal  was  17  mil- 
lion gallons,  in  addition  to  these  two 
wells,  the  aquifer  is  the  site  of  three  in- 
dustrial weils,  pumping  an  average  of  11 
million  gallons  per  month.  This  water  is 
used  for  industrial  cooling,  and  is  then 
recycled  back  into  the  aquifer. 

A  year-long  bydrogeologica]  study 
conducted  of  the  Sinking  Pond  aquifer 


in  1979  determined  the  probable  cause 
of  contamination  to  be  the  waste  dis- 
posal practices  of  a  nearby  chemical 
plant.  The  primary  sources  were  a  land- 
fill and  several  lagoons  filled  with  liq- 
uid wastes,  located  approximately 
2,500-3,000  feet  north  of  the  municipal 
wells.  The  groundwater  gradient  across 
the  aquifer  slopes  from  north  to  south. 

The  study  also  delineated  an  exten- 
sive plume  of  contamination  extending 
to  within  1,000  feet  of  Assabet  No.  2, 
the  well  closest  to  the  chemical  plant. 
Concentrations  of  total  chlorinated  hy- 
drocarbons in  this  contaminated  plume 
were  as  high  as  10,000  parts  per  bunon.  . 

With  the  need  for  immediate  action 
to  meet  the  water  needY  of  its  cus- 
tomers,  the  district  took  the  following  » 
approach  to  the  problem:  -  ;?"■  ^f^'  i? - 

•  banned  the  use  of  outside  water, 
prohibiting  such  activities  as  lawn  wa- 
tering and  car  washing; 

•  initialed  public  education  pro- 
grams promoting  waier  conservation; 

•  installed  a  booster  pumping  sta- 
tion to  draw  water  from  the  neighbor- 
ing town  of  Concord;  and 

•  initiated  a  maintenance  program 
to  improve  the  efficiency  of  the  remain- 
ing active  wells. 

The  success  of  these  short-term  pro- 
grams enabled  the  waier  commissioners 
to  concentrate  on  two  long-term  goals: 
obtaining  additional  permanent  water 
supplies,  and  restoring  the  Assabet  wells 
to  usable  conditions. 

The  first  step  toward  achieving  the 
goals  was  increasing  funding  for  water 
supply  investigations  from  the  previous 
S  15,000  annual  appropriation  to  a  range 
of  S75T0C0  to  S1O0.OO0  per  year. 

Investigators  located  three  sites  pro- 
ducing satisfactory  tcs:  results.  The  sites 

Acton  used  two  granular 

cctivaied  caroon  treatment 

tanks  to  helD  restore  its  welrwaler 

qucfity. 
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have  an  estimated  combined  safe  yield 
of  1.0  mgd.  The  wells  are  in  North  Ac- 
ton, about  two  miles  from  the  existing 
distribution  system.  The  district  is  pro- 
ceeding with  the  acquisition  of  approxi- 

ately  65  acres  at  the  three  sites. 

The  board  of  water  commissioners 
also  took  other  actions  to  ensure  an  ad- 
equate water  supply.  The  board  ob- 
tained voter  approval  to  fund  a  town- 
wide  hydrogeological  study  to  assist  in 
the  management  and  protection  of  cur- 
rent and  future  water  source  supplies.  A 
five-member  land-water  management 
advisory  committee  was  appointed  to 


assist  the  board  in  studying  the  prob- 
lems facing  the  district. 

The  district  then  began  investigating 
possible  treatments  for  the  Assabet 
wcils.  The  first  step  was  building  a  pilot 
plant  thai  treated  water  from  Assabet 
No.  2,  the  well  with  the  higher  level  of 
contaminants.  The  plant  used  granular 
activated  carbon  (GAC)  with  and  with- 
out aeration  to  treat  the  water.  The  in- 
vestigation, which  continued  through 
the  second  half  of  1979,  indicated  the 
GAC  and  aeration  were  effective  in  re- 
moving the  chlorinated  hydrocarbons 
from  the  aquifer. 


During  1980,  the  water  commission- 
ers' anention  focused- on  the  legal  as- 
pects of  the  contamination.  In  April, 
the  federal  Environmental  Protection 
Agency  filed  suit  against  the  chemical 
company,  demanding  it  "remove,  neu- 
tralize, or  isolate  all  chemical  wastes 
and  contaminated  soil"  on  its  property. 
This  was  the  first  suit  filed  in  Massa- 
chusetts under  the  federal  Resource 
Conservation  and  Recovery  Act. 

Six  months  later,  the  suit  was  settled 
out  of  court  by  a  consent  decree  under 
which  the  company  agreed  to  develop  a 
plan  to  dean  up  the  aquifer  and  restore 
it  to  usable  conditions.  The  water  dis- 
trict was  not  a  party  in  the  EPA  suit. 

However,  in  October  1980,  the  com- 
missioners filed  a  S3  million  suit  against 
the  chemical  company  based  on  the  loss 
of  the  two  public  water  sources  and  the 
contamination  of  the  aquifer.  The  suit 
"  is  pending  in  federal  court. 

During  the  summer  of  1981,  the  dis- 
trict stepped  up  efforts  to  treat  the  As- 
sabet wells.  Representatives  of  the  Cal- 
gon  Corp.,  of  Pittsburgh,  Pennsylva- 
nia, explained  the  use  of  granular  acti- 
vated carbon  for  removing  organic 
contaminants  from  groundwater. 

Calgon  Corp.  conducted  an  acceler- 
ated column  test  in  the  fall  of  1981, 
showing  thai  carbon  treatment  would 
remove  volatile  organics  to  less  than  de- 
tectable levels — less  than  one  part  per 
billion-  Calgon  proposed  a  full-scale, 
pilot-plant  trial  to  determine  carbon  ex- 
haustion rates  under  actual  field  condi- 
tions. The  study  permitted  the  evalua- 
tion of  the  adsorption  rates  of  volatile 
organics  under  varying  concentrations, 
while  providing  the  district  with  0.5 
mgd  of  water. 

The  district's  March  1982  annual 
meeting  appropriated  5200,000  to  fund 
the  full-scale  pilot  plant.  The  chemical 
company  offered  to  contribute  Si 00,000 
of  the  expense,  which  the  district  ac- 
cepted. 

The  full-scale  pilot  plant  was  de- 
signed to  treat  the  0.5  mgd  from  Assa- 
bet No.  1.  Calgon  was  the  successful 
bidder  to  furnish  two  adsorbers  and 
40,000  pounds  of  GAC.  Water  district 
personnel  installed  the  adsorbers  and 
interconnecting  piping  in  a  manner  al- 
lowing the  treatment  of  the  Assabet 
wells. 

The  two  adsorbers  were  piped  in  se- 
ries. This  permitted  evaluation  of  the 
GAC  exhaustion  rate  in  the  first  adsor- 
ber, while  the  second  continued  to  pol- 
ish the  effluent. 

The  district  established  a  criterion  for 
the  treated  water:  a  maximum  total  vol- 
atile organics  content  of  5.0  parts  per 
billion.  To  monitor  the  quality,  an  ex- 
tensive sampling  and  testing  program 
was  adopted.  Not  only  was  this  carried 
out  by  the  Massachusetts  Department  of 
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Water  Treatment 


The  Cost  of  Acton5s  GAC  Treatment 


Installation  cost 

Foundation  and  sice  work 
Piping 
(material  only;  labor  by 


S  5,500 


district  employees) 

20,000 

Crane  rental 

1,100 

Calgon  set-up 

(including  activated  carbon)    .  . 

60,400 

Miscellaneous 

(chemical  feeder,  alarms, 

fence,  etc.) 

6,400 

Total 

S93,400 

Monthly  operating  cost 

Calgon  rental 

S  4,945 

Electricity  for  well  pump 

1,800 

Sampling  and  testing    . 

2.000 

Total 

S  8,745 

Environmental  Quality  Engineering  and 
the  federal  EPA,  but  three  private  firms 
also  were  employed  for  the  task.  At 
least  two  labs  performed  analyses  on 
samples  taken  weekly  from  the  influent, 
the  effluent  from  each  of  the  adsorbers, 
and  samples  from  several  outlying 
monitoring  weils. 

Construction  started  in  May  1982 
and,  by  June,  water  from  Assabet  No: 
1  was  pumped  through  the  adsorbers. 
During  the  first  two  weeks  the  system 
was  in  operation,  the  effluent  was  dis- 
charged into  the  Sinking  Pond  aquifer. 
After  laboratory  testing  confirmed  the 
treated  water's  purity,  approval  was 
granted  in  July  1982  to  put  Assabet  No. 
1  back  into  the  municipal  system — after 
its  3  '/2-year  absence.  Now,  the  water  is 
fluoridated  prior  to  GAC  treatment 
and,  after  treatment,  is  chlorinated  to  a 
0.25  mg/L  residual. 

Early  tests  showed  the  raw  water 
pumped  from  the  well  did  not  contain 
any  detectable  level  of  volatile  organic 


contaminants.  This  was  expected,  be- 
cause the  normal  groundwater  flow 
pattern  in  the  aquifer  under  non-pump- 
ing conditions  would  carry  the  plume  of 
contamination  past  this  well.  Pumping, 
however,  was  expected  to  eventually 
draw  contaminated  water  into  the  well. 
A  second  reason  for  the  lack  of  mea- 
surable contamination  was  the  inter- 
cepting effect  of  the"  pumping  of  Assa- 
bet No.  2,  which  was  being  piped  to 
Sinking  Pond  by  the  chemical  company 
as  part  of  its  pumping  test  of  the  aqui- 
fer- 
After  one  month  of  pumping,  the 
first  chlorinated  hydrocarbons  were  de- 
tected in  the  raw  water.  The  two  pri- 
mary contaminants  were  1,1,1  trichlo- 
roenhane  and  1,1  dichloroethylene. 
Contaminant  concentrations  continued 
to  increase  for  the  testing  duration, 
reaching  a  level  in  excess  of  150  pans 
per  billion. 

Contamination  levels  exceeding  the 


water  district's  standard  of  5.0  parts  per 
billion  for  total  volatile  organics  were 
not  measured  in  the  effluent  from  the 
first  adsorber  until  after  27  weeks  of 
continuous  use.  During  this  period,  rhp-ad 
GAC  in  the  adsorber  had  treated  a  totajfl  ra 
of  ZS  million  gallons  of  water.  '^Up' 

The  average  influent  concentrations 
of  trichloroethane  and  dichloroethylene 
were  40  parts  per  billion  and  1.5  parts 
per  billion,  respectively.  Under  these 
conditions,  carbon  usage  at  the  pilot 
plant  was  0.34  pounds  per  1,000  gallons 
of  treated  water. 

Final  treatment  costs  cannot  be  es- 
tablished until  the  raw  water  quality 
stabilizes.  Factors  affecting  the  cost  of 
treating  water  with  GAC  include  the 
types  and  concentrations  of  contami- 
nants in  the  influent,  the  flow  rate,  and 
the  effluent  criteria. 

This  pilot  plant  demonstrated  GAC 
could  effectively  remove  contaminants 
in  the  concentrations  found  in  the  Sink- 
ing Pond  aquifer. 

Yet,  raw  water  contamination  levels 
continued  to  increase.  The  district  eval- 
uated air  stripping  in  packed  towers  as 
a  prerrearment  to  extend  the  life  of  the 
GAC.  In  early  1983,  the  district  voted 
to  make  a  carbon  installation  perma- 
nent, and  to  develop  and  install  an  aer- 
ation system.  In  addition,  the  district 
appropriated  511,000  to  purchase  a 
portable  gas  chromatograph.  This  in- 
strument will  augment  the  present  sam-j 
pfing  program  and  monitor  water  qualj 
icy  at  other  wells. 

Acton's  approach  to  combat  contam- 
ination and  manage  groundwater  re- 
sources is  a  model  forcommuniries  fac- 
ing similar  problems.  Until  now,  finan- 
cial considerations  usually  prompted 
municipalities  to  seek  alternative  water 
sources  instead  of  treating  contami- 
nated existing  supplies.  Acton's  experi- 
ence has  demonstrated  that  treating  wa- 
ter contaminated  by  volatile  organics  is 
an  economical  and  viable  procedure.  G 


John  E.  MacLeod  is  district  manager  of 
the  Acton  Water  District.  George  R.  Al- 
lan is  vice  president  of  the  consulting  firm 
of  Dufresne  Henry,  Inc. 
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The  water  authority  has-'  a  lengthy  reliance  on  well  water.  In  recant  time  many 
wells  have  become  contaminated  with  agricultural  chemicals,  petrochemicals  and 
chlorinated  solvents.  Until  1988 f  the  water  -authority's  experience :  using 
granular  activated  carbon  treatment  was  limited.  Small  carbon  units  had  been 
placed  at  individual  homes  to  remove  agricultural  chemicals  such  as  Temik  and 
Aldicarb.  Larger  granular '  activated  carbon  adsorption  units  had  been  installed 
at  the  Dix  Hills,    Southold  and  Creenport  wells. 

In  1985,    Calgon  Carbon  Corporation  provided"  a  single  adsorber  activated  carbon 
system  at  the  Oaxdale  well.     Starting     in.  1988,     the     Water    Authority    began 
consolidating  their-  treatment  program  anticipating  the  January,   1989,   New  York 
State  standards.   The  Authority  issued  a  request,  for  bids  for     125     psig  paired 
adsorbers  with. the.     capability  to  operate  pairs  in  series    (700  gpm  S  15  minute 
.contact  time)    or  parallel  flow   (1,000     gpm     @     10     minutes  contact  time),    each 
adsorber   10  foot  diameter  containing  20,000  pounds  of  Filtrasorb     300  granular 
activated  carbon- 
Well  contaminants  were     primarily     chlorinated  solvents  being  less  than  20  ppb 
(max)    and  the  effluent  treatment'  requirements     were  established  at  less  than  5 
ppb  of  VOC's.     The-  April-  4,.   1988  bid  date  found  Calgon  Carbon     Corporation     as 
the  responsive,    qualified  bidder  and  the  corporation  was  awarded  a  contract  to 
supply  five    (5)    dual  adsorption  systems.     With  the  satisfactory  performance  of 
this  phase  of  the  project  completed,   the  Suffolk  County  Water  Authority  placed 
an  order  in  August,    1988  for  an  additional  33  dual  adsorption  systems.   Some  of 
the   contaminated  well     locations     required     the  installation  of  two  adsorption 
systems  to  treat  2,000  gpm.      At  this  point     in  ,  time,   the  Suffolk  County  Water 
Authority  became  Calgon     Carbon     Corporation's     largest     single       customer     of 
adsorption  equipment.:' 

A  third  phase  to  the  project  was  implemented  adding  20  additional  dual 
adsorption  systems  increasing  the  project  requirements  to  58  dual  adsorption 
systems  with  each  system  sized  to  treat  1,000  gpm.  Most  sites  experience  a 
carbon  use  rata  of  <  0.04^/1,000  gallons  allowing  a  one  year  bed  life. 

Suffolk  County  renewed  the  supply  contract  with  Calgon  Carbon  Corporation 
which  included  carbon  exchange  services.  In  1990,  the  contract  was  rebid  and 
once  again  Calgon  Carbon  Corporation  was  the  successful  bidder. 

CONTACT:  Mr.  Ed  J.  Rosavitch,  F.E.,  Chief  Engineer,  Suffolk  County  Water 
Authority,  Sunrise  Highway  at  Pond  Xoad,  Oakdale,  New  York,  11769,  516-53S- 
5200. 
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GRANULAR  ACTIVATED  CARSON  ADSORPTION  FOR 
VOC  REMOVAL  FROM  DRINKING  WATER  SUPPLIES 

Mark  K-  Stenzel 
Marketing  Kanager 

James  L.  Fisher 
Marketing  Manager 

Calgon  Carbon  Corporation 
Pittsburgh,  PA  15230 


INTRODUCTION  - 

The  recent  amendments  to'  the'  Safe  Drinking  water  Act 
(SDWA)  have  generated  increased  interest  in  evaluating  a 
number  of  different  technologies  for  the  removal  of 
Volatile  Organic  Contaminants  (VOCs)  from  drinking  water 
supplies.  Since  1974,  the  EPA  has  generated  Maximum 
Contaminant  Levels  (MCLs)  for  26  contaminants,  but  the  new 
amendments  have  called  for  accelerated  regulation  by 
requiring  development  of  MCLs  for  83  specific 
contaminants.  Many  of  these  contaminants  are  VOCs  which 
have  been  discovered  in  groundwater  sources  for  drinking 
water  supplies.  Of  immediate  concern  are  the  8  VOCs  that 
are  set  for  regulation  in  1987,  shown  with  their  proposed 
MCLs  in  Table  1(1). 

The  use  '  of  granular  activated  carbon  (GAC)  to  remove 
organic  contaminants  by  adsorption  on  the  large  internal 
surface  area  of  the  activated  carbon  granule  has  long  been 
a  proven  and  established  technology.  Over  150  public 
drinking  water  systems  already  have  experience  with  GAC  in 
the  removal  of  taste  and  odor  causing  organic  compounds  in 
the'  United  States  and  over  200  in  Europe  (2).  Many 
industrial  plants  have  also  used  GAC  for  the  removal  of 
specific  organic  compounds  from  water,  wastewater  and 
chemical  products*  Recently,  GAC  has  been  used  to  remove 
specific  VOCs  from  groundwater  or  contaminated  water 
resulting  from  accidental  spills  (3). 

The  success  of  GAC  in  removing  organic  contaminants  from 
water  has  resulted  in  the  amendment*  to  the  SDWA 
establishing  GAC  as  the  "yardstick"  by  which  other" 
treatment  technologies  are  to  be  evaluated  in  the  control 
of  synthetic  organic  chemicals  (4).  Other  treatment 
techniques  must  be  at  least  as  effective  as  GAC  in  order 
to  be  considered  viable.  Although  often  perceived  as  an 
expensive  treatment  technology,  GAC  can  often  be  the  most 
cost-effective  solution  to  the  problem  at  hand.  What  is 
needed  is  a  reliable  method  to  evaluate  the  applicability 
of  adsorption  ar.d  to  estimate  the  cost  to  the  water  system 
operator. 

This  paper  will  present  a  methodology  by  -which  GAC  can  be 
evaluated,  starting  with  isotherms  for  preliminary 
evaluation  and  continuing  on  to  parameters  for  system 
design.  The  design  of  the  GAC  system  will  provide  capital 
expenditure   guidelines,   while   the   evaluation  procedure 


is  oo.: 


should   provide   a   good  estimate  of  the  ongoing  operating 
costs . 

PRELIMINARY  EVALUATION:   ISOTHERM  TESTING 

The  liquid  phase  adsorption  isotherm  test  is  the  basic 
preliminary  evaluation  technique  for  activated  carbon 
treatment.  The  adsorption  isotherm  is  a. batch  test 
designed  to  determine  the  equilibrium  relationship  between 
the  contaminant  in  the  liquid,  measured  as  concentration, 
and  the  contaminant  adsorbed  on  the  activated  carbon, 
expressed  as  carbon  capacity  or  weight  of  contaminant  per 
unit  weight  of  activated  carbon. 

The  application  of  the  isotherm  test  to  evaluate 
adsorption  of  VOCs  has  historically  resulted  in  unreliable 
and  disparate  data.  In  response  to  the  need  for  reliable 
evaluation  data,  an  isotherm  procedure  has  been  developed 
which  minimizes  analytical  errors  and  more  accurately 
predicts  adsorption  capacity  of  GAC  for  VOCs.  This 
procedure  includes  handling  samples  while  allowing  no  head 
space,  using  relatively  large  quantities  of  powdered 
activated  carbon  to  minimize  weighing  errors,  and  using 
relatively  large  initial  concentrations  of  VOCs  to 
minimize  analytical  errors  and  provide  reliable  data 
points  at  the  higher  concentrations  to  better  fix  the 
isotherm  plot. 

The  isotherm  test  conditions  are  summarized  in  Figure  1. 
The  activated  carbon  used  is  Calgon  Carbon's  Filtrasorb 
300,  a  bituminous  coal-based  activated  carbon  with  a  high 
surface  area  (1000  m/gm)  and  Iodine  Number  (typically 
970)/  The  activated  carbon  is  pulverized  to  -325  mesh  to 
eliminate  the  diffusion  rate  as  a"  factor.  The  water 
samples  consist  of  reagent  grade  chemicals  added  to 
purified  water.  .  As  shown  in  Figure  1,  the  activated 
carbon  dosages  result  inT the  development  of  low  level  VOC 
equilibrium  concentrations  which  are  useful  for 
evaluation.  The  sealed  flasks  are  agitated  for  a  minimum 
of  20  hours  to  assure  equilibrium.  The  contents  are  then 
pressure  filtered  through  0.45  micron  filter  pads,  with 
the  filtrates  analyzed  by  gas  chromatography  using  the 
purge  and  trap  technique  with  the  amount  of  the  compound 
retained  on  the  activated  carbon   calculated  by  difference. 

In  1984,  results  from  single  component  isotherms  of  five 
of  the  more  common  chlorinated  solvents  were  presented 
(5).  Single  component  isotherms  from  eight  more  VOCs  have 
been  conducted  'to  expand  this  data  base.  It  is  most 
important  to  note  that  when  comparing  the  relative 
adsorbability  of  one  compound  to  another,  and  especially 
when  adding  consideration  of  concentration  effects,  that 
the  testing  protocol  be  consistent.  Therefore,  it  is 
anticipated  that  this  data  base  of  isotherm  tests  will  be 
useful  in  determining  effects  of  contaminant  and 
concentration  changes  possible  in  long  term  groundwater 
treatment. 

All   thirteen   isotherms  are  presented  here  for  reference. 
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Figure      2      shows    the    results   of    isotherms    for   seven   of    the 

VOCs 

chlo: 

has    a   very   low   capacity 

Investigations      into      the      removal      of     vinyl      chloride   by 

activated      carbon   have    reported  poor   capacities.  -   However, 

vinyl      chloride      removal      by     aeration     has      produced   good 

removal      efficiencies      (7).  The     isotherm     results      for 

p-dichlorobenzene   are  from  earlier  test   results  using  less 

agitation      time,   but  p-dichlorobenzene  is  well  adsorbed  by 

activated     carbon     and     the     results     are     consistent  with 

recent   tests. 

Figure  3  has  grouped  the  remaining  chlorinated  and 
brominated  aliphatic  solvents  '  and  Figure  4  the  aromatic 
and  chlorinated  aromatic  solvents.  The  isotherms  point 
out  characteristics  useful  for  considering  adsorption  of 
other  compounds;  i.e.,  that  the  capacity  of  activated 
carbon  for  the  contaminant  increases  with  concentration, 
molecular  weight  and  decreasing  solubility  of  the 
contaminant. 

Isotherms  are  useful  in  identifying  whether  a  compound  is 
amenable  to  adsorption  by  activated  carbon.  The  test 
indicates  the  theoretical  capacity  for  these  contaminants 
by  GAC,  which  as  will  be  shown  later,  allows  the 
development  of  estimates  of  carbon  usage  rates  for  cases 
where  a  single  contaminant  predominates.  Care  must  be 
taken  in  using  these  single  component  isotherms  when  the 
contamination  involves  a  mixture  of  adsorbable  compounds. 
Although  these  isotherms  might  allow  for  preliminary 
estimates"  of  activated  carbon  usage  rates,  additional 
testing  would  be  warranted  to  establish  more  reliable 
carbon       usage        rates.  Finally,     background     organic 

contaminants,  usually  more  prevalent  in  surface  water  than 
groundwater,        may     cause      reduced     capacity.  Isotherms 

performed  on  a  specific  water  according  to  these 
procedures  would  provide  for  good  comparison  to  these 
single  component  isotherms  and  a  basis  for  estimating  GAC 
usage    rates. 

After  a  column  study  is  performed  or  actual  operating  data 
is  obtained,  isotherms  are  useful  in  evaluating  effects  of 
concentration  or  contaminant  change.  A  relationship  can 
be  established  between  the  actual  usage  rate  and  the 
equilibrium  data  of  the  isotherm,  and  changes  in  usage 
rate  can  be  predicted  using  the  isotherms  as  reference 
points. 

ADVANCED    EVALUATION:      ACCELERATED   COLUMN   TESTING 

The  effect  of  short  contact  times  experienced  in  actual 
operation  and  the  accurate  prediction  of  activated  carbon 
usage  rates  is  normally  obtained  in  the  scaled  column 
study.  The  accepted  test  method  for  the  column  study  has 
been  to  use  the  GAC  in  columns  sized  from  1  to  4  inches  in 
diameter,  and  with  selection  of  surface  loading  rates  and 
media  depth,  obtain  the  desired  empty  he6  contact  times  in 
single      or    multiple   columns.      The    low  usage    rates    expected 
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in  groundwater  treatment  to  remove  low  levels  of  VOCs 
often  make  a  directly  scaled  study  infeasible  due  to  the 
time  and  analytical  expense  involved. 

Several  researchers  have  explored  the  possibility  of  small 
rapid  column  tests  (6).  The  basic  principle  is  to  use 
smaller  size  granules  of  the  same  activated  carbon,  but 
with  high  surface  loading  rates  and  short  contact  times. 
Using  mathematical  models  of  basic  adsorption  kinetics, 
these  rapid  column  tests  can  then  be  used  to  predict  full 
size  system  performance-  Calgon  Carbon  Corporation  has 
developed  a  high  pressure  mini-column  technique,  the 
Accelerated  Column  Test  (ACT),  which  uses  50  mg  of 
Filtrasorb  300  grade  GAC  that  has  been  sized  to  less  than 
100  mesh  in  a  column  with  an  internal  diameter  of  1.94  mm 
(7).  The  ACT  procedure  has  been  tested  in  comparison  with 
one  inch  diameter  column  studies  and  existing  full  scale 
systems  with  the  results  showing  a  high  degree  of 
correlation  (B). 

The  ACT  can  be  used,  as  mentioned  previously,  to  model  the 
performance  of  a  particular  system  in  order  to  fix  contact 
times  and  predict  usage  rates  and  breakthrough 
characteristics.  Historical  act  data  can  also  be  used  to 
predict  performance  on  potential  applications.  In  this 
procedure,  ACT  data  can  be  compared  to  isotherm  data  to 
determine  how  much  of  the  theoretical  capacity  can  be 
realized  under  dynamic  conditions.  As  when  comparing 
isotherm  results,  these  ACT'S  need  to  be  performed  under 
similar  conditions  with  the  same  mathematical  scale-up 
model  to  assure  consistency. 

PREDICTION  OF  USAGE  RATES  WITH  ACT  AND  ISOTHEBH  DATA 

We   have  .  performed   numerous  ACT  studies  on  waters 

contaminated  with  low  levels  of  VOCs.   These  studies  can 

be   reviewed  to  determine  how  much  of  the  equilibrium 

capacity  identified  in  the  isotherm  test  can  be  realized 
in  an  operating  system .. 

Table  2  shows  the  results  of  ACTs  run  on  actual  and 
synthetic  groundwater  '  samples  containing  essentially  a 
single  VOC.  Both  the  synthetic  and  actual  samples  used 
waters  with  low  (<0.5  ppm  TOO  background  of  organic 
compounds.  These  tests  show  that  operating  systems  with 
short  contact  times  can  generally  obtain  45-55%  of  the 
theoretical  capacity  of  the  activated  carbon  at 
breakthrough  of  the  contaminant.  Besides  indicating  that 
a  predictable  amount  '  of  capacity  can  be  obtained,  these 
tests  indicate  a  relatively  short  adsorption  zone  in  the 
bed,  and  that  upon  breakthrough  little  adsorptive  capacity 
remains.  Results  of  this  testing  suggests  that  contact 
times  of  12—15  minutes  be  used  to  optimize  activated 
carbon  usage  and  that  single  stage  adsorption  systems  be 
employed  to  minimize  capital  costs  in  designing  systems  to 
remove  low  levels  of  VOCs. 

Table   3   shows  results  of  ACTs  run  on  actual  groundwaters 
including   results  ■  from   other   commonly   encountered 
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situations.  The  first  site  shows  the  effect  of  higher 
contaminant  levels  of  a  well  adsorbed  VOC.  With  higher 
levels  of  trichioroethylene  (TCE)  and  slightly  greater 
than  15  minutes  contact  time,  the  ACT  predicts  a  68% 
attainment  of  the  equilibrium  isotherm  data.  This  result 
indicates  that  in  the  adsorption  process,  the  higher 
concentration  contaminant  acts  as  a  greater  driving  force 
towards  equilibrium  capacity. 

The  second  site  investigated  shows  the  influence  of 
background  organic  contaminants  on  the  adsorption  of 
chlorinated  solvents.  A  municipal  drinking  water 
containing  135  ppb  of  chloroform  that  also  contained  6  ppm 
background  organic  contamination  measured  as  TOC  was 
tested.  The  ACT  indicated  that  the  presence  of  this 
organic  background  resulted  in  only  37%  of  the  theoretical 
capacity  being  achieved.  This  capacity  is  approximately 
20%  less  than  the  capacity  achieved  in  the  municipal 
drinking  water  sample  shown  on  Table  2. 

The  third  site  in  this  set  shows  the  effects  of  a  mixture 
of  VOCs;  1,1,1  trichloroethane  (TCA)  and  TCE.  As  shown  in 
the  isotherm  data  in  Figure  2,  the  TCA  is  not  adsorbed  as 
strongly,  so  it  is  expected  to  break  through  first.  The 
column  study  did  indicate  that  the  TCA  was  detected  first 
in  the  effluent,  and  the  capacity  of  carbon  for  TCA  was 
only  34.3%  of  its  equilibrium  value.  Another  vay  of 
looking  at  this  mix  is  that  at  an.  equilibrium  capacity'  of 
3.5  mg/grft  and  55  ppb  of  TCA,  the  theoretical  usage  rate 
would  be  0.13  lbs-  GAC  per  thousand  gallons.  This  usage 
rate  can  be  added  to  a  usage  rate  of  0.06  lbs.  GAC/1000 
gallons _  for  TCE  (24  mg/gm  at  165  ppb)  for  a  total  usage 
rate  of  0.19  lbs.  GAC/1000  gallons  for  both  contaminants. 
The  actual  usage  rate  is  approximately  58%  greater  than 
the  theoretical,  indicating  a  working  capacity  that 
realizes  approximately  63%  of  the  equilibrium  capacity. 

In  considering  these  ACT  studies  on  VOC  removal,  it  can  be 
concluded  that  for  low  level  VOC  contamination  in  waters 
containing  low  background  TOC,  operating  activated  carbon 
adsorption  systems  can  achieve  45-55%  of  the  theoretical 
isotherm  capacity.  When  the  chemistry  becomes  more 
complex,  with  background  TOC  or  the  prescence  of  a  mixture 
of  contaminants,  a  simple  rapid  mini-column  technique  can 
be  conducted  to  explore  these  additional  effects. 

ADSORPTION  SYSTEM  DESIGN  AND  ECONOMICS 

Based  upon  the  evaluation  procedure  discussed  above,  the 
investigator  can  proceed  with  preliminary  system  design 
and  establish  the  economics  for  activated  carbon 
treatment.  it  was  shown  earlier  that  for  waters  with  one 
or  two  vocs  present  at  low  levels  -  200  ppb  or  less, 
contact  times  of  12  to  15  minutes  are  acceptable.  Also, 
for  these  conditions,  and  especially  if  only  a  single  VOC 
is  present,  the  mass  transfer  zone  is  sufficiently  short 
that  a  single  stage  adsorption  system  can  usually  achieve 
opticmm.  economic  utilization  of  the  activated  carbon.  The 
use   of   single   stage  systems  rather  than  multiple  stages 
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will  minimize  costs  for  the  treatment  equipment.  A  simple 
in-bed  sample  port  can  be  utilized  to  anticipate 
contaminant  breakthrough  and  provide  an  added  safety- 
factor  for  effluent  quality. 

The  use  of  single  stage  systems  allows  the  use  of  GAC  as 
substitute  media  in  sand  filters,  if  these  are  already  in 
position  at  the  treatment  facility.  At  a  2  gpm  per  square 
foot  loading  rate,  a  4  ft.  deep  bed  of  GAC  will  provide  15 
minutes  of  contact  time.  other  investigators  have 
reported  that  GAC  is  also  an  adequate  replacement  for  most 
media  in  performing  required  filtration  (2).  in  such  a 
case,  there  is  no  major  capital  expenditure  for  additional 
equipment. 

For  most  groundwater  treatment  applications,  however,  it 
is  more  likely  that  a  treatment  unit  would  be  required 
between  the  groundwater  well  pump  and  the  distribution 
system.  In  this  case,  a  single  stage  pressure  adsorber 
can  be  placed  in-line  to  provide  treatment  without 
repumping.  Typically,  10  ft.  diameter  adsorption  vessels 
containing  20,000  lbs.  of  GAC  are  used  for  this  service. 
Adsorption  vessels  with  20,000  lbs.  of  GAC  have  become  a 
standard  size  unit,  as  the  spent  GAC  from  a  single  unit 
can  be  transported  from  the  site  for  spent  carbon  handling 
in  a  single  over-the-road  trailer.  The  limitation  is  due 
to  weight  considerations,  as  the  entire  quantity  of  GAC, 
retained  moisture  and  adsorbate  will  weigh  approximately 
40,000  pounds.  Each  of  these  units  can  treat  350  gpm  and 
provide  a  contact  time  of  15  minutes.  The  adsorption 
process,  operated  in  a-  downflow  mode,  will  typically  add  a 
IS  psig  pressure  drop  to  the  system. 

Each  single  adsorber  as  described  above,  complete  with 
process,  .utility  and-  carbon  transfer  piping  can  be 
installed  on  an  existing  foundation  for  approximately 
$75,000.  This  cost  would  not  include  other  portions  of 
the  overall  installation,  such  as  foundations,  pump  work 
or  tie-in  to  the  existing  system. 

The  following  example  illustrates  the  methodology  that  can 
be  applied  to  obtain  preliminary  economics  for  a 
groundwater  treatment  scenario.  The  conditions  that  can 
exist  at  a  groundwater  sourced  drinking  water  supply  are: 

Flow:  600  gpm  (0.864  mgd) 

Contaminant:  Trichloroethylene 

Concentration:  180  ug/1  (ppb) 
TCE  HCL:     5  ug/1 

Background  TOC  Level:  Negligible  (<1  ppm) 

Based  upon  the  evaluation  information  provided,  the 
following  design  assumptions  can  be  made: 

Adsorber  Size:  10  ft.  dia.,  -20,000  lbs.  GAC 

Adsorber  Quantity:  Two  Units 

Contact  Time:  17  minutes 

Equilibrium  Capacity:  25  mg  TCE/gm  GAC  (Figure  I) 

%  Eg.  Capacity  Realized:  50%    (Table  2;  estimate) 
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Estimated  Capacity:   12.5  mg  TCE/gm  GAC 
Estimated  GAC  Usage:   0-12  Ibs./lOOO  gallons 
Estimated  Annual  GAC  Usage:   40,000  lbs. 

To  predict  the  operating  cost,  an  estimate  is  made  for  the 
installation  of  the  adsorption  system  as  shown  in  Table  4, 
resulting  in  a  total  installed  capital  expenditure  of 
approximately  $250,000.  In  some  geographical  areas, 
freeze  protection  such  as  insulation  with  heat  tracing,  or 
a  building,  may  also  be  necessary. 

Finally,  the  annualized  operating  cost  for  the  adsorption 
system  can  be  estimated  by  amortization  of  the  capital 
expenditure  and  addition  of  the  expenses  as  shown  in  Table 
5.  The  unit  cost  for  the  treatment  system  under 
consideration  can  therefore  be  estimated  to  be  27  cents 
for  each  1000  gallons  treated-  This  figure  is  consistent 
with  a  value  of  34  cents  per  1000  gallons  estimated  by  the 
EPA  for  systems  below  1  mgd  and  for  99%  removal  of  TCE  up 
to  500  ppb  (9). 

CONCLUSION 

The  recent  interest  in  technologies  for  treatment  of 
waters  contaminated  with  low  levels  of  vOCs  has  increased 
the  need  for  reliable  data  bases  to  be  used  for 
preliminary  evaluation.  This  need  is  especially  critical 
in  the  evaluation  of  activated  carbon  adsorption,  which  is 
regarded  as  the  basis  by  which  other  technologies  are 
measured. 

The  adsorption  i.sother»  is  the  basic  evaluative  tool  for 
activated  carbon  adsorption,  and  can  be  an  effective 
predictor  for  activated  carbon  usage  rates  when  combined 
with'  reliable  dynamic  studies.  For  the  isotherms 
presented  ~- in  this  paper,"  care  was  - ,  taken  to  minimize 
analytical  errors  and  assure  equilibrium  conditions.  As  a 
result,  this  series  of  isotherms  can  be  compared  to  each 
other  and  used  as  a  reliable  point  of  reference  for  column 
studies.  Finally,  rapid  mini-column  tests  similar  to  the 
Accelerated  Column  Test  can  be  used  to  effectively  model 
full  scale  systems. 

Results  discussed  here  indicate  that  for .groundwaters 
contaminated  with  essentially  a  single  VOC  at  low  levels 
with  little  background  organic  contaminants,  45-55%  of  the 
equilibrium  capacity  can  be  obtained  using  contact  times 
.of  12  to  15  minutes.  The  short  mass  transfer  zones  also 
indicate  that  single  stage  adsorbers  can  be  employed  to 
minimize  capital  expenditures. 

The  methodology  exists  then,  to  properly  evaluate 
activated  carbon  treatment  for  both  performance  operation 
and  costs.  This  procedure  will  be  helpful  as  a  point  of 
reference  to  evaluate  other  treatment  technologies  and  as 
a  planning  technique  for  the  employment  of  activated 
carbon  adsorption. 
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FIGURE  3 
ACTIVATED  CARBON  ADSORPTION  ISOTHERMS 
CHLORINATED  SOLVENTS 


(1)  Tetrachloroethylene 

(2)  Trichloro^thylene 

(5)  Cis  1,2  Dichloroethylene 


(4)  Chloroform 

(5)  1,2  Dichloroethane 

(6)  Methylene  Chloride 
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FIGURE-  4 
ACTIVATED  CARBON  ADSORPTION  ISOTHERMS 

AROMATIC  SOLVENTS 

(1)  m  Xylene 
(2j  Toluene 
(53  Benzene 
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TABLE  1 
Proposed  VOC  Regulations 


VOC 


Maximum  Contaminant 
Level  (MCL);  ug/1 


Vinyl  Chloride 

Benzene 

Carbon  Tetrachloride 

1,2  -  Dichloroethane 

Trichloroethylene 

1,1  -  Dichloroethylene 

p-Dichlorobenzene 

1,1,1  -  Trichloroethane 
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5 
5 
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TA3LE  4 

Adsorption  system  Capital  Expenditure 

BASIS:   600  gpn 


nstalled  51!°'™° 

20,000 


Adsorption  equipment,  i 

Foundation,  installed  io'ooo 

Well  pump  upgrade  (if  necessary                iqoOO 

Tie-ins;  pump  discharge/distribution  10,000 

Equipment  freight  25^000 

project  jnanagement  25 ! 000 

Contingency  '■ 


TOTAL  PROJECT  COST 


§250,000 


TASLE  5 
Adsorption  System  Annual  Costs 

Amortization  of  Capital  S26,8G0 

<8.75$  of  20  yrs.) 


512,500 

S  4,800 

1  ""   $34,400 


Maintenance 

(5%  of  installed  capital) 

Energy  costs  .   „„,.,„»* 

(7  BEP  for  additional  15  psig;  8«/KWH} 


Carbon  usage  „,...  . 

(40,000  lb.  Calgon  F-300  §  f?0.86/lb.) 

Carbon  Freicht 

(two  bulk  trailer  deliveries) 


$  5,500 


$83,500 


Total  Annual  Cost 

. ,.  „  SO. 265/1000  gals 

Unit  Cost  * 

1  Assumes  supplier  of  GAC  can  remove  spent  carbon  and  arrange 
for  disposition  of  same  in  acceptable  manner. 
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£      NOVATIONS    IN    TRADITIONAL  TREATMENT 


if 


Based  on  the  most  conservative 

estimates,  computers  predicted  that 

the  interval  between  carbon 

replacements  could  safely  be 

extended  to  nine  months  for  50 

percent  of  the  fitters. 


Roberto  ML  Narbaitz,  Alan  Baratta, 
and  Frances  Z.  Parsons 


roundwaters  art  the  drink- 
_  percent  of  Florida's  resi- 
ion  of  groundwater  is  poten- 
»ealth  problem.  One  of  the 
dSa&Smd  mSorida's  groundwaters  is  ethylene 
dforoinifc  (HJBfcor  U-dibromoethane, which  was 
used  primarily  to  comrol  nematodes  in  citrus  groves 
£*e  central  part  of  the  state  and  in  soybean ^and 
peanut  fields  in  the  northern  part  oi  the  state. 
Groundwater  contaminated  with  EDB  has  also  been 
reported  in  California.  Hawaii,  Geor^,  Connecti- 
cut, and  New  Jersey.* 

The  state  of  Florida 
responded  to  the  conta- 
mination by  creating  a 
State  Interagency  Task 
Force  on  EDB  to  inform 
the  public,  to  survey  all 
potentially  contaminated 
wells,  and  to  undertake 
corrective  action.'5  Point- 
of-emry  (POE)  treatment 
sysxms  at  private  homes 
became  an  important 
remedial    action    tool 
because  the  contamina- 
tion -was  found  primarily 
in  rural  areas.  FOE  sys- 
tems treat  all  of  the  water 
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Poiflt-ofrwfcy  SAC  Alter  system  used  in  HoTtta1*  EPB  program* 


used  wiihiii  the  borne;  indudmg  rtigh-water-volume 
activities such  as  toilet  ffrrehtng  and  showers.  The  POE 
systems  used  in  Honda's  EDB^umiganr  program  con- 
sist of  a  particle  filter  and  one  or  more  granular  acti- 
vated carbon  (GACJ  fites,  followed  by  an  ultraviolet 
(UV)  Bght'bjsmfection  unit.  Installation  of  these  treat- 
ment systems  began  in  January  1985,  and  nearly 
1,000  home  and  semipublic  POE  systems  are  now 
installed.  The  POE  system's  particle  Hier,  GAC,  andDV 
light  bulbs  are  replaced  every  six  months,  a  period 
chosen  to  provide  optimum  UY  disinfection,  by  a  com- 
mercial supplier  under  contract  to  the  state.  Because 
these  maintenance  costs  are  >S1  million/year,  the 
state  of  Florida  is  interested  in  determining  whether 
the  cabonieplacsment  interval  can  be  safely  extended 
beyond  the  current  siz-month  interval. 

This  article  presents  a  description  of  Florida's 
EDB-^famigant  Biter  program  and  the  results  of  a 
three-part  study  undertaken  to  determine  the  feasi- 
bility of  this  change  in  mainienance  policy. 

Background 

The  main  functions  of  Florida's  EDB  task  force  were 
to  detjetmine  the  magnitude  of  the  problem  and  to 
5nd  ways  to  correct  c.  The  task  force  hired  a  consult- 
ing firm  to  evaluate  air-stdpping  and  activated  carbon 


adsorption  for  the  remov. 
EDB.4  Air-stripping  remove 
to  99  percent  of  the  EDB,  wl 
as  activated  carbon  adsorp 
removed  up  to  100  percent  o 
EDB.  Because  Florida's  maxu 
comzmmanz  level  (MCL)  for 
was  latex  set  at  Q-02  ug/L.  the 
lyrical  detection  limit,  activated 
bon  adsorption  was  the  only  f 
ble  technology  to  meet 
Standard. 

In  addition,  from  1983  n 
present  the  task  force  arrange 
the  sampling  of  more  than  i  1 
private  and  community  v 
located  throughout  the  stat 
Sampling  is  continuing  in  five  coui 
where  92  percent  of  the  contamin 
sites  are  located.  The  county  health  u 
on  behalf  of  the  state,  answered  citi? 
complaints,  sampled  suspect  wells, 
arranged  to  have  bottled  water  deliv 
to  these  locations  for  a  limired  ti 
When  contamination  of  the  groundw 
with  EDB  or  other  fumigants  was  i 
firmed,  one  of  the  following  reme 
steps  was  taken:  (1)  connection  of  he 
to  existing  water  distribution  systems 
extension  of  existing  water  distribu 
systems  to  serve  adjacent  areas  with  • 
taroinated  well  water.  (3)  addition  of  < 
treatment  to  existing  community  w 
;  treatment  plants,  (4)  change  to  alrem; 
"•£:    -i.  c  water  sources  (such  as  new  wells). 

installation  of  large  GAC  filter  units  to  service  se1* 
households,  or  (6)  installation  of  individual  ho 
hold  POE  treatment  systems.7  drilling  new.  de> 
r  wells  proved  to  be  expensive  and  did  not  always 
duce  a  better  water  source.7  Because  the  confc 
nated  wells  were  mostly  located  in  sparsely  popu! 
agricultural  areas,  the  installation  of  POE  treatment 
terns  became  the  primary  tool  of  remedial  actior. 
At  private  homes,  groundwater  is  norm 
pumped  from  the  well  into  a  pressurized  storage  t 
from  which  water  flows  whenever  a  tap  is  ope: 
The  POE  SItex  systems,  connected  downstreai 
the  pressurized  storage  tank,  consist  of  a  fiber  E 
one  or  more  GAC  filters,  and  a  UV  disinfection  sy? 
(Figure  I).  The  5-um  fiber  filter  removes  solids 
large  particles  that  could  clog  the  GAC  filters.  Mo 
the  POE  systems  used  54-in.-  (l.37-m-)  tali  10 
(0.25-m-)  diameter  fiberglass  vessels  that  have  a 
ume  of  2.45  cu  ft  (0.069  m3)  and  were  packed 1 
22.  cu  ft  (0.062  m3)  of  GAC.  These  fibers  are  caHec 
standard  or  nominal  2-cu-ft  filters.  The  state  sup; 
initially  used  one  brand  of  rjirurninous  GAC  and ' 
switched  to  another  brand  of  biturninous-based  < 
because  it  was  available  at  a  lower  price.  The  u 
violet  disinfection  units  were  added  downstreaj 
the  filters  to  ensure  that  the  drinking  water  is  be 
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riologicaLlY  acceptable,  given  that  bacteria  tend  to 
proliferate  within  activated  caibon  filters. 

A  fixed  maintenance  interval  is  a  basic  criterion 
of  Florida's  program  because  it  greatly  simplifies 
management.  First,  there  is  no  confusion  over  wnen 
every  filter  has  to  be  maintained:  this  is  important 
because  there  are  nearly  1,000  filters  in  the  pro- 
gram Second,  once  the  safety  of  a  parncolar  period. 
is  proven,  monitoring  of  fumigant  concentrations 
can  be  greatly  reduced,  leading  to  substantial  sav- 
ings. The  cost  of  fumigant  analysis  for  the  one  set 
of  influent  and  effluent  samples  taken  every  six 
months  is  almost  $200  per  location,  whereas  the 
cost  of  carbon  and  TJV-lamp  replacement  is  approx- 
imately $500.  Thus  frequent  monitoring,  as  con- 
ducted at  a  water  treatment  plant  with  GA€  adsor- 
bers, would  be  very  expensive  and  hard  to  justuy. 
Because  the  individual  filters  treat  different  well- 
water  flow  rates  and  different  fumigant  concentra- 
tions, different  size  fibers  are  required  to  provide 
fumigant-free  water  for  the  same  maintenance 
period.  Monitoring  represents  a  very  large  fraction  ot 
the  cost  of  operating  POE  filter  programs,12 

The  basic  filter  selection  criteria  were  based  on 
(1)  the  adsorption  infonnarion  developed  by  a  con- 
sultant. 12)  a  she-month  maintenance  period.  (3)the 
influent  EDB  concentration,  and  (4)  the  filter  flow 
rate  (Table  1).  At  weHs  with  EDB  concentiationsof  up 
to  10  ug/Ii  the  POE  systems  should  consist  of  one 
or  two  GAC'  filters  providing  an  empty  bed  contact 
time  (EBCT)  of  approximately  2.5  mm.  For  larger 
concentrations,  the  systems  selected  provide  an  EBCT 
of  approximaiely  5  nrin.  Both  "these  EBCT  values  are 
within  the  noonal  range  for  POE  filters  but  below 
those  used  for  water  treatment  plant  GAC  adsor- 
bers,13-14  As  shown  in  Table  1,  the  see  and  number 
of  the  filters  were  adjusted  to  treat  the  estimated 
water  flow  rate,  while  following  the  EBCT  criteria. $= 
The  treatment  systems  were  installed  to  serve  (1 ) 
large  cormriunfty  water  systems  (2)  private,  semipn- 
vatc  or  institutional  installations  with  large  numbers 
of  users,  such  as  a  trailer  park  or  a  school:  (3)  small 
businesses  and  industries;  (4)  systems  supplying  water 
to  a  few  homes;  and  (5)  private  homes,  Sght  hundred 
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(or.  83  percent)  of  tiae  tteanmeht  systems  are  at  private 
wells  serving  a  smgk :home-  The  next  largest  group- 
ing, accounting  for  almost  13  percent  of  the  filter  sys- 
tems, consists  of  systems  s^plying  water  to  a  few 
private  homes.  The  nbrmhal  2-cu-ft  systems  are  the 
most  common  'soused, arounting  for  83lpercent 
of  the  T"^  at  private  well  systems  and  88  percent  of 
the  units  withmti^e  entire  program. 

The  remaining  114  larger  filters  within  the  pro- 
gram are  of  many  different  sizes  and  are  connected 
either  in  parallel  in  series,  or  both.  Table  1  shows  the 
most  common  filter  sizes  and  configurations  used 
within  the  program  and  their  flow  and  concentration 
selection  criteria.  A  few  of  the  larger  filter  systems  are 
not  induded  in  Table  1.  AH  of  the  filters  have  short 
EBCTs.  The  majority,  82  out  of  114  oi  72  percent,  of 
the  Iarger-than-standard  filters  have  a  nominal  size 
of  5  cu  ft  They  consist  of  two  nominal  2-cu-ft  GAC  fil- 
ters in  series,  each  of  which  has  a  volume  of  2.45  cu 
ft  for  a  total  of  4.9  cu  ft— the  nominal  5  cu  ft.  As  indi- 
cated earlier,  the  nominal  2-cu-ft  filters  contain  22.  cu 
ft  GAC,  so  the  nominal  5-cu-ft  filters  contain  4.4  cu  ft 
of  GAC.  Only  14  filter  systems  have  carbon  volumes 
of  10  cu  ft  (0.283  m3)  ot  larger,  which  represents  only 
12  percent  of  the  large  filters  and  1 .5  percent  of  all  of 
the  filters  in  the  program.  Besides  these  systems,  large 
GAC  filters  were  installed  at  public  water  treatment 
systems  in  the  cities  of  Lake  of  Wales,  Lake  Alfred, 
and  TTaHpm  Heights. 
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Factors  tftart  affect  performance  of  tte 
QAC  fitters 

The  performance  of  POE  activated  carbon  filters  is 
affected  by  the  same  factors  as  water  treatment  plant 
adsorbers  and  in  addition,  by  some  that  are  specific 
to  POE  rants,  such  as  short  EBCTs  and  a  tendency  to 
desorb.  The  most  important  factors  in  the  removal 
of  toxic  rh»»TT»>ai<;  by  activated  carbon,  are  the  char- 
acteristics of  the  contaminant,  the  type  of  activated 
carbon,  true  presence  of  corapcang  ccanrmrnarirv  the 
presence  of  naturally  occurring  background  organic 
material  (NOM),  the  water  tem- 
perature, pH,  and  other  water  -  ~ 
matrhc  characteristics.  Competi- 
tive adsorption  with  NOM  is  par- 
ticularly  important  as  it  can 
reduce  the  carbon's  adsorption 
capacity  by  >50  percent1  *"17  The 
performance  of  GAC  adsorbers  is 
also  affected  by  the  key  adsorber 
design  parameters:  the  EBCT  and 
the  hydraulic  loading. 

EBCT  and  fcydrauSe  foadmg. 
POE  filters  in  this  program  have 
EBCTs  of  only  2.7  mm,  whki  is 
much  less  than  the  7.5-  to  20-nrin 
EBCTs  used  in  warer  treatment  plan  re.  From  basic  the- 
ory  for  smgk-coniarrfinant  adsorption,  longer  filter  or 
cohimn  EBCTs  result  in  more  efficient  use  of  the  car- 
bon's  adsorption  capacity.  The  longer  columns  result- 
ing from  longer  EBCls  have  a  larger  fraction  of  their 
GAC  that  reaches  saturation  and  a  smaSer  fraction  of 
their  GAC  wiihin  the  mass  nansfer  zone  that  does  not 
reach  saruration.  Thus,  the  average  solid-phase  con- 
centrations achieved  on  the  POE  GAC  filters  will  be 
smaller  than  those  on  water  Treatment  adsorbers  and 
even  smaller  than  those  predicted  by  bottle-point 
isotherms.  Recent  work  by  Hand  et  alls  has  shown 
that  competitive  adscaption  with  NOM  can  sometimes 
alter  the  increased  loading  frith  increased  E3CT  rela- 
tionship cHscussed  previously-  This  is  primarily  a  umc- 
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tion  of  the  EBCT  and  the  rates  at  which : 
and  rhe  synthetic  organics  adsorb.  Flo: 
program  uses  adsorbers  with  short  El- 
and EDB  should  be  adsorbed  much  : 
rapidly  than  NOM.  Thus,  the  adsorptk 
EDB  is  not  expected  to  be  significantly  rec 
by  the  complex  competitive  interactions 
the  NOM.  And  greater  loadings  may  si 
$.<±ievtd  by  using  longer  EBCTs.18  The 
fonnance  of  the  POE  filters  is  also  aif  ecu 
some  additional  factors,  such  as  the  van 
ity  in  well-water  EDB  and  desorption. 

Variability  of  weft-water  EDS  anc 
sorption*  The  well-water  EDB  concei 
tions  are  regularly  monitored  and  in  n 
wells  there  is  great  variability.  Figure  2  si 
the  variability  in  EDB  concentrations 
typical  well  This  may  be  attributed  tc 
example,  the  location  of  the  contami 
plume,  rainfall  percolation,  arid  soil  de? 
tion.  The  POE  systems  treat  water  from  existing  v 
Generally  there  is  no  irdorrnation  on  their  Ioc 
relative  to  the  contantiriant  plume.  Plume  migr< 
may  be  an  important  factor  in  future  increas< 
decreases  in  EDB  concentrations  at  some  well 
reduce  the  rmrpTtainry  over  plume  migration,  it  w 
be  necessary  to  develop  a  network  of  monitoring  i 
and  a  monitoring  program  at  each  site.  Given 
large  number  of  weDs  involved,  such  a  task  woul 
prohibitively  costly.  Using  very  conservatively  desij 
POE  systems  is  a  method  of  reducing  the  risk. 


se  the  contaminated  wells  were 
mostly  located  in  sparsely  populated 
agricultural  areas,  the  installation  of 
POE  treatment  systems  became  the 
primary  tool  of  remedial  action. 


It  is  reasonable  to  expect  that  EDB  will  leach  f 
^ie  soil  in  the  unsaturated  zone,  resulting  in  his 
EDB  groundwater  concentrations  after  rainfalls.  H 
ever,  Melear  and  Farabee19  observed  that  in  I 
Alfred,  Fla.,  there  was  no  correlation  between 
EDB  concentrations  and  either  the  pumping  rat 
rainfall.  The  EDB  was  always  present  but  its  c 
centratioris  fluctuated  greatly.  Thus,  it  is  likely  tb 
large  portion  of  the  EDB  is  adsorbed  onto  the 
and  is  desoibing  very  gradually.20 

These  variations  in  the  well- water  EDB  con< 
nations  greatly  affect  the  performance  of  the  I 
niters  as  a  result  of  reversible  adsorption.  The  ] 
ited  information  in  the  literature  suggests  that  □ 
of  the  halogenated  aliphatic  compounds  tested  sc 
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adsorb  reversely.21-22  A  con- 
sulting firm23  conducted  a 
desorption  study  by  contin- 
uing its  minicolumn  runs 
using  organic-freer  water  as  a 
column  feed.  During  the  first 
pan  of  the  experiment  the 
column  had  been  loaded 
with  nanogram-per-litre  lev- 
els of  EDB,  dibromochlo- 
ropropane  (DBCP).  1.2,3- 
crichloropropane,  and  1,2- 
dichloropropane.  The  two 
columns  were  run  for  600 
bed  volumes  in  the  desorption  mode  and  **»6™s 
time  EDB  was  the  only  chemical  to  desorb.  At  ootn 
300  and  600  bed  volumes  the  desorbing  EDB  con- 
centrations were  approximately  half  that  fcddnnng 
the  loading  phase.  Thus,  EDB  will  desorb  readily,  and 
it  is  adsbrbedmore  weakly  than  the  other  fumigants 
because  they  did  not  desorb- 

A  sharp  reduction  in  the  EDB  concentrations 
entering  a  partially  loaded  filter  «/d jhusresult 
in  some  desorption  of  previously  adsorbed  EDB.  a. 
there  is  more  fresh  carbon  in  the  column,  the  con- 
taminant will  be  adsorbed  farther  downstream  m 
the  column.  If  this  additional  adsorption  capacity  is 
not  available,  the  contaminants  will  pass  through 
the  column  and  appear  in  the  effluent.  Because  POE 
systems  have  short  EBCTs,  the  larrex  is  probably 
occurring  in  some  filters.  As  shown  *>  Figure  2, 
there  will  be  fluouarions  in  the  contaminant  con- 
centrations within  the  well  water,  so  desorption  s  a 
strong  possibility.  £  fr  ■.---         * 

Other  desorption  problems  may  anse  because  ol 
the  on-off  narure  of  the  POE  GAC  fitter  systems. 
Leaching  (desorption)  of  previously  adsorbed [cont- 
aminants may  occur  while  the  filter  is  not  m i  opera- 
tion, and  these  contaminants  could  be  ftished  out  at 
the  product  water.  Ibis  aspect  requires  feather  study 
and  will  possibly  lead  to  development  of  guidelines 
for  water  usage  like  those  for  lead.  Le..  tunnmg  the 
water  for  a  few  minutes  to  rinse  the  system  before 
taking  a  drink-  „ 

Therefore,  the  most  important  factors  affecting 
the  longevity  of  the  GAC  operating  cycles  are  the 
E3CT  and  the  variations  in  the  EDB  concenuanon 
Contaminant  desorption  is  an  inherent  problemot 
activated  carbon  adsorbers,  and  it  can  only  he  reduced 
by  using  larger  adsorbers. 

Modeling  GAC  filter  performance 

There  are  many  methods  of  predicting  GA^coi- 
umn  performance  (i.e.,  the  breakthrough).  They 
range  from  very  simple  models  to  very  expense 
'  and  tmie-consuming  pilot-scale  tests  to  very  elabo- 
rate mathematical  models.3"5  Column  performance 
modeling  within  this  study  will  be  limited  to  the 
equilibrium  column  model  (ECM),  the  simplest 
method,  because  of  several  factors.  First,  thee  are  too 
many  filters  (nearly  1,000)  in  the  EDB  filter  pro- 
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OTamto  warrant  elaborate  analysis  of  each.  Second, 
borate  computer  models  require  NOM  measure- 
ments for  their  competitive  adsorption  calculations. 
As  there  are  no  NOM  data  available  for  theseWter 
systems  the  use  of  such  models  cannot  be  justified. 
Third,  sophisticated  modeling  requires  at  least  two 
effluent  EDB  concentrations  during  a  breakthrougri, 
and  such  data  are  not  available  for  most  systems. 

la  activated  carbon  adsorbers,  mass  transfer  resis- 
rances  slow  the  migration  of  the  contaminant  from  the 
water  phase  to  the  interior  surfaces  of  the  GAC  par- 
rides  These  processes  create  the  mass  transfer  zone 
within  the  column,  and  La  this  zone  the  carbon  tf 
only  paxtiafly  saturated.  Le.,  not  in  equjuhnum  with 
the  feed.  The  ECM  has  the  following  characteristics. 
Rrst,  it  assumes  that  adsorption  is  instantaneous, 
and,  therefore,  these  is  no  mass  transfer  Tone.  Thus, 
instead  of  having  an  S-shaped  breakthrough  curve, 
mis  model  assumes  there  is  a  breakthrough  step  (Fig- 
ure 3)  and  the  breakthrough  time  is  independent  of 
the  breakthrough  concentration.  Second,  it  assumes 
that  at  the  time  of  breakthrough  all  of  the  carbon  is 
saturated;  Le„  its  solid-phase  concentration  is  in  equi- 
librium with  the  contan-toant  liquid-phase  concen- 
tration in  the  feedwater.  If  the  actual  breakthrough 
cuxve  is  svmmetrkalin  shape,  then  the  ECM  break- 
through time  predictions  should  correspond  to  tune 
when  the  actual  effluent  concentration  reaches  50 
percent  of  the  value  of  the  influent  concentration 

{    The  equilibrium  model  mathematically  predicts 
the  breakthrough  time  by  the  following  equation: 


tS={V2r,p^*q0/(F*C0) 


(1) 


in  which  u  is  the  breakthrough  time  (days);  VB  is  the 
volume  of  GAC  in  the  column  <m»);  p3  is  the  density 
of  the  GAC  bed  vrithin  the  column  (g/m*>;  q0  is  the 
contaminant  solid-phase  concentration  m  equilib- 
rium with  the  influent  contannnam  liquid-phase  con- 
centration (ug  contaminant/g  GAC);  Fis  water  flow 
xaTe  through  the  column  (L/d);  and  Q,  is  the  influent 
cc-otammant  liquid-phase  concentration  (ng/LJ^Wnen 
the  adsorption  equilibrium  is  described  by  the  Freund- 
Hch  isotherm: 


*o  =  **col 
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in  which  k  is  the  freundlich  isotherm  constanthig/g 
GAC/{pg/L)i/a]  and  1/n  is  the  Freundlich  isotherm 
exponent.  The  ECM  can  also  be  used  with  any  other 
isotherm  model  including  those  used  to  describe  rmri- 
tioornponent  adsorpaon. 

Although  the  ECM  cannot  predict  the  shape  of 
breakthrough  carves,  it  does  provide  a  rough  esti- 


SlOO' 


mate  of  service  time.26  It  generally  u: 
estimates  the  breakthrough,  time  be>. 
it  neglects  the  mass  transfer  zone, 
shouid  be  used  with  caution.2*  Ao. 
mgly,  it  is  common  practice  to  divid< 
ECM  breakthrough  time  prediction: 
factor  of  two  when  the  ECM  is  used 
bottle-point  isotherms. 

Another  approach  is  to  use  the  1 
with  contaminant  solid-phase  con 
tratfon  (loading)  data  from  column  a< 
bers  calculated  at  the  breakthrough  • 
As  discussed  earlier,  because  of  ] 
transfer  resistances,  the  columns' 
is  not  fully  saturated,  so  their  ioac 
are  smaller  than  the  equffibrium  1 
ings  predicted  by  isotherm  experim 
This  approach  was  chosen  to  analyze 
data  from  the  EDE-fumigant  filter 
gram  because  it  is  particularly  sui 
for  applications  with  similar  condit 
Le.,  filter  size,  flow  rates,  EBCTs,  contaminants, 
water  matrixes. 

The  contaminant  solid-phase  concentration 
the  GAC  wirhrn  a  column  adsorber  must  be  calcu 
from  the  column  data  because  it  cannot  be  meas 
experimentally.  The  mass  of  contaminant  rem 
from  the  water  by  the  column  is  assumed  to  have 
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adsorbed.  Matb.emati.caUy,  this  can  be 
expressed  as 


•_  y 


(3) 


EDB  br*akthnxigti  proffcOona  for  standard  flrUirs  a*  a 
function  of  influent  coocantratxw  and  flow  rzte 


in  which  MCONTis  the  mass  of  contam- 
inant removed  by  the  column  (pg);  CD.  is 
average  influent  contaminanx  liquid- 
phase  concentration  during  period  i 
(pg/L);  C^.  is  average  effluent  contam- 
inant liquia-phase  concentration  during 
period i  (ng/L);  f,  is  the  average  flow  rate 
during  period  f  (Ud);  At,-  is  the  duration 
of  period  i  (days);  and  N  is  the  total  num- 
ber of  periods  considered.  Then, 

febm  =  MCQNT I  (VB  *  p,)         {4) 

in  which  <?«&,«,  is  the  average  solid-phase 
concentration  of  the  GAC  within  the  col- 
umn or  filter  (ug  of  contaminant/g  of 
GAG);  and  (VB  *  p8)  is  the  mass  of  GAC 
in  the  column.  This  ^«  of  contaminant 
equals  the  average  liquid  flow  rate  mul- 
tiplied by  the  area  between  the  influent 
and  the  effluent  concentration  curves  in 
a  concentration  versus  time  graph, 
shown  as  the  shaded  area  in  Figure  4. 

The  average  coiumn  loadings  (conta- 
minant solid-phase  concentrations)  from 
the  field  are  lower  than  those  predicted 
by  bottle-point  isotherms,  because  tbey  :t 
include  mass  transfer  and  competitive 
adsorption  efftr*  As  explained  earlier,  as 
the  EBCT  of  a  column  increases,  the  v 
aclsorption  capacity  of  the  carbon  is  used 
more  efficiently  and  approaches  the  r 
capacity  predicted  by  the  bottle-point 
isotherms.         :  -" 


Survey  and  literature  review 
of  EDB  adsorption  data 

The  EDB  adsorption  data  presented  here  were 
obtained  through  an  extensive  letter  survey  and  lit- 
erature review  of  FOE  systems  and  the  adsorption  of 
fumigants.27  Most  of  the  available  EDS  column  load- 
ing data  comes  from  minicolumns;  however,  there  is 
some  data  from  full-scale  adsorbers  (Table  2).  The 
column  data,  shown  in  Figure  5,  can  be  described 
very  well  by  the  solid  straight  line  in  spite  of  the  dif- 
ferences in  the  activated  carbon  and  the  water  being 
treated-  To  estimate  the  minimum  performance  that 
can  be  expected  from  a  GAC  filter,  several  steps  were 
taken.  First,  because  the  data  can  be  described  by  a 
straight  line  on  a  log-log  graph,  it  was  regressed 
using  a  Freundlich  model.  The  best-fit  line  is  shown 
as  ihe  solid  line  in  Figure  5.  Second,  a  line  parallel  to 
the  best-fit  line  can  be  drawn  through  the  point 
showing  the  greatest  downward  deviation  from  the 
best-fit  line  (not  shown).  Because  these  lines  are 
parallel,  the  new  line  has  the  same  Freundlich  expo- 
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'nent  as  .the  best-fit  En£  Third,  the  coefficient  of  the 
lower  line" was  then  calculated.  Fourth,  an  additional 
safety  factor  of  two  was  applied  to  generate  a  "mini- 
mum loading  line  for  the  evaluation  of  POE  filter 
performance.  The  safety  factor  was  intended  to 
account  for  lower  loadings  that  are  achieved  in  the 
POE  filters  that  have  shorter  EBCTs  than  conven- 
tional GAC  filters.  This  literature-based  zrhnimum 
loading  line,  shown  in  Figure  5  as  the  dashed  line, 
can  be  modeled  by 


*«tam=l2*Cb<>-« 


(5) 


in  which  qaham  is  the  loading  in  ug  EDB/g  GAC  and 
C0  is  the  coiumn  feed  concentration  in  ug/L  EDB. 

This  loading  curve  was  combined  with  the  ECM  by 
substituting  Eq  5  for  qQ  in  Eq  1  to  predict  the  break- 
through rime  of  filters.  Figure  6  presents  the  break- 
through time  for  the  standard  filters,  which  contain 
2.2  cu  ft  of  GAC,  as  a  function  of  different  water 
usages  and  EDB  concentrations.  This  figure  shows 
that  the  breakthrough  time  is  very  dependent  on 
both  these  variables.  For  these  POE  systems  to  have 


JUJGUST  1394     T9 


03/07/96   FRI  12:34  FAS 


a  breakthrough  Tfmp  greater  than  one  year,  the  flow 
rate  must  be  <100  gpd  (379  Ltd)  or  have  a  com- 
mensurate decrease  in  the  BOB  concentration. 

Current  performance  of  6AC  filter  program 
Fumigant  concentratioiis.  The  EDB-fmtngant 
filter  program  has  included  an  extensive  monitor- 
ing  program  to  ensure  performance  oi  the  filters 
was  satisfactory.  By  the  end  of  1 988,  >10,000  filter 
influent  and  effluent  samples  had  been  analyzed.  As 
expected,  the  vast  majority  of  the  filter  effluent 
samples  contained  no  funugants.  The  normal  fre- 
quency of  monitoring  has  been  decreased  to  one 
set  of  influent  and  effluent  samples  per  six-month 
period.  Wells  with  very  high  EDB  concentrations 
are  monitoxed  on  a  more  frequent  basis.  Ideally, 
sampling  takes  place  just  before  changing  the  GAC, ' 
but  because  of  the  large  number  of  filters  involved, 
the  sampling  by  state  representatives  and  carbon 
changes  by  the  commercial  supplier  frequently  can- 
not be  coordinated. 

All  of  the  wells  vrohin  the  program's  database  were 
included  because  their  waters  contained  EDB.  la  $45 
our  of  962  (87.8  percent)  water  sources  EDB  was  the 
sole  fumigant  identified.  Thirty-three  wells  (3.4  per- 
cent) were  also  coniamiriared  with  DBCP,  and  30  wells 
{3.1  percent)  contained  DBCE  EDB,  and  1,2-dichloro- 
propane  (1,2-D).  Kfty-three  weDs  (5.5  percent)  were 
contaminated  with  1,2-D  and  EDB.  7iarc-l,3-dichloro- 
propene  was  detected  once;  however,  its  presence 
was  not  confirmed  by  subsequent  sampling.  This  fumi- 
gant which  is  used  as  a  substitute  for  EDB  and  "DECK 
has  a  half -life  of  only  three  m  37  days  depending  on 
sofl  conditions.29  Thus,  this  sinf£e  detection  is  sot  sur- 
prising, in  summary,  EDB  was  present  in  all  the  wells, 
and  in  12  percent  of  the  welts  it-tvas  accompanied  by 
DBC?,  1,2-D,  or  both. 

EDB  concentrations.  Figure  7  shows  a  bar  chart 
of  the  number  of  filters  wi-min  selected  ranges  of 
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average  influent  EDB  con 
orations.  Most  oi  these  fi 
treat  low  concentrations 
percent  of  the  filters  h 
average  influent  concen 
tions  <0.1  pg/L  EDB;  D 
than  78  percent  have  con- 
trations  <1  pg/L  EDB;  . 
almost  96  percent  have  in 
em  concentrations  <10  p 
EDB.  Only  one  system  hac 
average  well-water  cone 
tration  >110  pg/L  EDB,  TJ 
given  the  low  influent  c 
cenrrations  at  many  filters, 
likely  that  for  these  filters 
maintenance  interval  coulc 
extended  beyond  the  pr 
entiy  used  six  months. 
should  be  noted  that  t 
assessment  was  based  on  a\ 
age  fumigant  well-water  a 
centrations.  However,  the  well-water  EDB  cono 
trations  are  highly  variable  (Figure  2). 

To  address  concerns  of  reduced  adsorption  cap 
ity  because  of  competitive  adsorption  from  DB 
and  1,2-D,  the  wells  were  separated  into  two  grou 
those  contaminated  with  EDB  alone  and  those  w 
EDB  plus  other  fomigants.  As  shown  in  Figure 
mese  omer  contaminants  are  more  frequently  fou 
in  wells  with  EDB  concentrations  >Q.l  pg/L.  Tt 
most  wells  with  low  EDB  concentrations,  which ; 
the  most  likely  to  have  their  carbon  replacemt 
period  extended,  do  not  contain  other  contan 
nants.  Thus,  competitive  adsorption  among  fun 
gaats  will  not  reduce  the  length  of  time  the  Gi 
remains  effective  vtdthin  these  filters.  However.  th< 
will  still  be  some  competitive  adsorption  betwe 
EDBandNOiM 

The  analysis  of  the  EDB  breakthroughs  observ 
within  the  filter  program  gives  an  excellent  indie 
tion  of  how  well  the  filters  are  perforating  (Tat 
3).  hi  four  years,  there  have  been  >500  filter  inst; 
lations  operating  using  six-month  carbon  replac 
ment  cycles.  Thus  the  total  number  of  filter  cyd 
has  been  more  than  4,000.  In  this  period,  there  w 
a  total  of  89  filter  breakthroughs  at  53  different  s] 
terns;  these  indude  many  breakthroughs  of  the  le, 
filter  wuhin  systems  of  two  filters  in  series,  in  whi* 
the  product  water  quality  was  not  compromise 
Forty  different  systems  experienced  a  total  of  ' 
breakthroughs.  A  large  number  of  these  occurn 
during  the  initial  stages  of  the  program  and  we 
primarily  caused  by  excessive  water  usage.  Stc; 
were  taken  to  reduce  the  problem.  The  breai 
throughs  decreased,  and  only  five  installations  hat 
experienced  mots  than  one  system  breakthrouf 
since  the  inception  of  the  program  The  low  numb 
of.  breakthroughs  may  be  biased  by  the  samplir 
information  available.  If  a  breakthrough  is  derecte 
the  GAC  filters  are  replaced  even  before  the  si: 
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month  service.  In  addition,  the  filters  that  have 
experienced  breakthroughs  are  monitored  more  fre- 
quenrlyfA further consideration  is  that  the  GAC 
systems' provide  complete  removal  of  the  contami- " 
naht  for  the  majority  of  the  time,  -whereas  MCLs ; 
are  levels  of  concern  for  continuous  exposure  dur- 
ing a  lifetime.. 

hi  117  fihex  systems  containing  DBCP  or  1,2-D 
{or  both)  there  were  only  five  brealsihTOughs  of  these 
contaminants.  Thus,  the  filter  performance  evaluation 
will  be  limited  to  the  main  contaminant  EDB. 

Water-use  rates.  "Water-use  rates  are  extremely 
important  because  the  breakthrough  time  is  a  func- 
tion of  the  feed  concentration  and  the  quantity  of 
water  treated  (Figure  6).  Accordingly,  the  initial  fil- 
ter selection  criteria  were  based  on  these  two  fac- 
tors (Table  1).  It  should  be  noted  that  POE  units  are 
intended  to  treat  the  water  used  for  indoor  activities 
only.  Individual  indoor  water  usage  rates  may  vary 
significantly,  depending  on  the  number  and  types 
of  water  appliances  in  use  and  on  the  number  cf 
people  residing  at  the  home.  Average  national  indoor 
water  usage  rates  are  about  60  gped  (227  Lpcd).  with 
toilet  flushing  and  bathing  accounting  for  70-80  per- 
cent of  the  water  consumption.30  Assuming  the  aver- 
age home  will  have  four  residents,  the  rypical  POE 
system  at  such  a  home  should  treat  an  average  of 
240  gpd  (90S  Ud). 


A  large  number  of  the  breakthroughs  occurred 
during  the  initial  stages  of  the  program,  and  exces- 
sive water  use  was  suspected  to  be  their  principal 
cause  because  water  use  was  nor  controlled.  Total 
water  meters  were  installed  for  all  of  the  existing 
filters  and  for  all  those  installed  after  1986.  Resi- 
dents were  also  warned  about  the  dangers  of  exces- 
sive water  use.  However,  excessive  water  use  is  still 
being  detected  at  some  locations  where  filtered  water 
is  used  for  lawn  watering  and  other  high  water  con- 
sumption activities.  The  Florida  Department  oi  Envi- 
ronmental Regulation  (FDER)  experimented  with 
several  flow  restriction  devices  to  reduce  water-use 
rates,  but  they  caused  excessive  head  losses.  Because 
these  modifications  did  not  work  very  well  and  would 
have  required  the  addition  of  booster  secondary 
pumps,  they  were  not  implemented.?1 
In  addition,  the  most  important  factor  is 
the  total  volume  treated  and  nor  strictly 
the  flow  rate.  Flow-restricting  devices 
do  not  provide  the  total  answer  because 
they  only  reduce  the  gallons  per  minute - 
"  treated,  and  the  resident  may  still  pass 
an  excessive  number  of  gallons  through 
the  filter  by  keeping  the  taps  on  longer. 
Some  POU  units,  i.e„  those  small  home 
filters  used  to  treat  water  intended  solely 
for  drinking  purposes,  have  automatic 
shut-off  valves  that  are  triggered  after 
a  given  mrtnber  of  gallons  are  treated. 
Such  .ah  approach  would  be  unrealistic 
because the  home  would  be  left- without 
"  :  ;  /;;  water  far  a  few  days  until  the  state  sup- 
plier a>uld  change  the  GAC^  Allowing'  residents  to 
change  the  GAC  when  their  systems  shut  off  (because 
of  excessive  volume  treated)  would-be  an  incon- 
venience rb  som&For  jthe state,  which  pays  for  the 
entire fpragram; '"th^jtoii^  would  mean  a  loss  of 
quality  control  berause'fesidehts  might  disengage 
the  shut-off  controls  or  not  maintain  the  systems" 
properly-  Development  of  a  foolproof  system  is  a 
challenge."  '  ~"         .       .     * 

Meter  readings  are  being  routinely  taken  at  each 
GAC  change  and  are  recorded  in  FD£R's  EDB-fumi- 
gant  finer  database.  It  should  be  noted  that  for  some 
filters  the  meter  readings  within  the  database  are 
missing  or  have  questionable  values.  For  example, 
usable  flow  information  is  only  available  for  about 
660  of  the  801  standard  filters.  Average  flow  rates 
were  calculated  from  the  first  and  last  meter  read- 
ings within  the  period  of  interest,  divided  by  the  time 
between  these  two  readings.  The  flow  rates  were 
arranged  in  ascending  order,  and  they  were  plorted 
versus  the  number  of  filters  with  smaller  flow  rates, 
j.e^  a  cumulative  average  flow-rate  graph-  Figure  8 
shows  the  cumulative  average  flow  rate  for  the  2- 
cu-ft  filters  from  1987  to  mid-1989.  Many  systems 
have  very  low  water-use  rates,  possibly  because  they 
are  at  smaller  households  or  vacation  residences  used 
for  only  part  of  the  year.  The  changes  in  flow  rates 
from  one  filter  change  to  the  next  seems  to  show 
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that  only  a  small  fraction  of 
the  filter  systems  axe  at  sea- 
sonally inhabited  homes. 
However,  they  may  make  up 
a  larger  fraction  of  those  sys- 
tems for  which  the  flowme- 
ter information  is  incomplete. 
Figure  8  shows  that  the  flow 
rates  increase  very  gradually 
up  to  filter  400  and  then  the 
flow  rates  increase  exponen- 
tially. -Approximately  400  (out 
of  662  or  about  63  percent) 
of  the  2-cu-it  filters  had  Sow 
rates  of  250  gpd  (946  L/d)  or 
less.  Many  filter  systems  had 
very  high  flow  rates.  Twenty 
wells  had  flows  >800  gpd 
(3,028  L/d),  of  which  five 
were  flows  >1,250  gpd  (4.731 
L/d).  Because  these  flow  rates 
are  very  high,  to  jnmiTam  the 
same-length  service  cyde  for 
all  the  filters,  it  is  necessary 
to  install  larger  size  filters  at 
some  of  these  locations.  Water 
conSTimption  rates  did  not 
change  significantly  with,  time. 

A  similar  analysis  of  the  5- 
cu-ftfilter  systems  shows  that 
most  have  low  flows.  The  fre- 
quency distribution  pattern  is 
very  similar  to  that  of  the  2- 
cu-ft  filters  except  that  the 
highest  flow  rates  are  <50Q 
gpd  (1,900  L/d).     . 

EDB  loadings.  Perfor- 
mance of  the  POE  fflters  wiftkt J 
the  program  will  be  evaluated  - 
using  the  ECM  because  of  its 
simplicity  and  because  there  ; 
are  so  many  filters  within  the 
program.  The  equilibrium 
approach  was  used  in  con- 
junction with  the  cokannload- 
ings  at  breakthrough,  because 
it  considers,  at  least  in  part,  the 
mass  transfer  resistances  and 
competitive  adsorption.  Thus,  the  column  loadings  are 
necessary  to  predict  the  performance  of  the  fillers. 

Only  89  EDB  breakthroughs  have  been  detected 
(Table  3).  Because  many  of  these  breakthroughs 
occurred  during  the  initial  period  during  which  the 
POE  systems  did  not  have  flow  meters,  it  is  impossi- 
ble to  calculate  the  loadings  for  these  evrnts.  Figure  9 
presents  the  loadings  calculated  (using  Eq  4)  for  the  36 
breakthroughs  that  include  flow  data.  These  loadings 
were  generally  five  to  50  times  lower  man  those  of  the 
minimum  loading  line  from  the  literature,  and  they 
showed  greater  variability  than  expected.  Some  spread 
in  the  data  was  expected  because  of  diff execces  in  the 
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water  matrix;  however,  an  investigarion  showed 
there  were  two  more  important  reasons  for  the  ^ 
abiiiry.  First,  many  loadings  were  not  accurate  bee 
they  are  based  on  only  one  or  two  data  points. , 
second,  there  were  large  fluctuations  in  the  well  w 
concentrations.  Only  nine  breakthroughs  appe< 
to  follow  the  textbook  pattern;  i.e.,  tht  influent  c 
cmrrations  remain  consistent  at  a  relatively  high  va 
and  the  effluent  concentration  is  zero  until  bn 
through  starts.  The  remaining  filters  showed  ox. 
rionable  data  or  showed  sharp  drops  in  the  well  w, 
EDB  concentration,  which  probably  caused  prtvioi 
adsorbed  EDB  to  desorb,  causing  the  breakthrous 
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lb  make  sure  the  loadings  from  the  conventional 
breakthroughs  were  acceptable,  the  loadings  of  all 
the  niters  without  breakthroughs  were  also  calcu- 
lated. Figure  10  presents  these  loadings  along  with 
those  loadings  from  the  textbook  breakthroughs  and 
those ofthe remaining  breakthroughs.  The  non- 
breaktluough  loadings ;  were sSghdy  higher  than  those 
with  breakthroughs;  this  occurred  because  many 
breakthroughs  were  the  result  of  desorption  induced 
by  a  drop  in  the  well-water  EDB  concentrstion.    ; 

i  The  following  cbnsttauss  were  applied  to  increase 
the  aamacyrf jthe  todrpg  data  set,  first  the  loadings 
mchided  were  those"  from  systems  without  break- 
dxrou^^Seax^cmrf  die  loidrngstfaat  were  based 
oh  fire  ^ 

ten ;  with ^nonnetecrable  EDB  levels  in  the  well  water 
were eJfminattd. As shown  iu  Figure  11,  this  subset 
of  loadings  "still  'shows  some  scarier,  but  therr  values 
are  higher.  Also,  the  Eremrare-based  minimum  load- 
ing curve  describes  this  selected  data  set  very  welL  A 
regression  of  this  data  set  shows  that  a  slightly  dif- 
ferent loading  curve  would  be  obtained,  but  given 
rbat  the  KftrarnTP  TrmTnrnTm  Inarfmg  One  was  nhtained 
independently,  its  predictions  are  excellent  It  should 
be  noted  that  because  lhese  filters  had  not  reached 
breakthrough,  their  breakthrough  loadings  will  prob- 
ably be  higher. 

Expected  effect  of  e&angtag  the  interval 
between  caftan  replacements 

The  expected  effect  of  rhartmng  the  carbon  replace- 
ment period  was  based  an  the  predictions  of  the  ECM 
model  (Eq  1)  coupled  with  the  loadings  described 
earlier.  These  predictions  were  conducted  for  all  wells 
based  oa  rheir  mdrvicraal  average  influent  EDB  con- 
centration and  average  Sow  rate.  The  filter  loadings, 
^column  fr0E1  Ec  5.  the  minimum  loadi&g  curve 
obtained  from  the  literature  review,  -were  subsnmted 
for  q~  in  Eq  1  to  calculate  me  filter  Kfe. 


The  nominal  2-  and  5-cu-ft  filters 
were  analyzed  separately.  There  were 
only  720  wells  with  the  2-cu-ft  size  and 
66  wells  with  the  5-cu-ft  size  with  suf- 
ficient data  to  be  included  in  the  calcu- 
lations. Figure  12  shows  the  percentage 
of  the  2-ca-ft  filters  (out  of  720)  that 
fail  as  a  fnncrion  of  carbon  replacement 
time.  The  minimum  loading  line  pre- 
dicts that  about  9  percent  would  fail 
using  a  six-month  carbon  replacement 
period.  However,  during  the  past  four 
years,  only  38  (or  4  percent)  2-cu-ft  fil- 
ters have  shown  EDB  breakthroughs 
with  such  a  carbon  replacement  period. 
This  confess  that  the  aanirnura  loading 
fine  is  conservative. 

If  a  nine-month  carbon  replacement 
period  is  implemented,  it  is  expected 
that  18  percent  (130  out  of  720)  of  the 
wells  will  faiL  A  review  of  these  predic- 
tions for  possible  patterns  showed  that 
an  excessive  flow  rates  through  the  filters  is  the  main 
reason  for  failure  before  nine  months.  Nearly  85 
percent  of  the  wells  predicted  to  fail  at  nine  months 
had  flow  rates  of  >350  gpd  (1,325  L/d).  Of  the  wefts 
with  average  flow  rates  of  <270  gpd  (1,022  L/d), 
only  four  failed,  and  these  had  average  EDB  con- 
centrations of  60  PgTL  or  higher.  Given  these  con- 
centrations, 5-cu-ft  fflfro  should  have  been  installed 
at  these  locations. -.       ~s  .  &£.: 

To  continuously  produce  safe  water  at  the  loca- 
tions with  high  flowiaiEs,  it  is  necessary  to  get  the 
users  to  reduce  meir  water  consumption,  to  install 
larger  filters,  or  to  increase  the  frequency  of  the 
maintenance service.  Because  of  the  jwtecrtiafly  high 
cost  "bj meseeond opti^the  first  and  third  options 
should  be  seriously  pursued.  It  is  inrporrani  to  irives-  P 
tigate  further  and  inplement  some  form  of  corrective 
action  at,  at  least,  the  five  installations  with  more 
than  one  system  breakthrough.  As  discussed  earlier, 
the  installation  of  Sow-control  devices  does  not  nec- 
essarily reduce  the  total  volume  of  water  treated, 
which  is  the  direct  cause  of  the  premature  break- 
throughs. However,  such  devices  may  reduce  the 
problem  and  should  be  added,  at  least,  to  all  the  sys- 
tems with  excessive  flow  rate.  Otherwise,  the  main- 
tenance period  of  these  filters  should  be  shorter  than 
six  months. 

These  predictions  are  quite  conseTvath'e  because 

( 1 )  the  nonbreakthrough  data  are  conservative  and 

(2)  the  minimum  loading  curve,  which  describes 
the  nonbreakthrough  data  well,  predicted  several- 
fold  more  breakthroughs. than  were  observed  in 
the  field.  A  more  conservative  loading  curve  will 
minimize  all  possible  breakthroughs  that  are  due 
to  inaccuracies  in  the  mfrtimum  loading  curve  or 
desorption  induced  by  concentration  fluctuations. 
A  more  conservative  loading  equation  was  obtained 
by  using  the  equation  from  the  lower  95  percent 
confidence  interval  for  the  regression  of  the  non- 
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breakthrough,  loadings  {Figure  11).  This 
loading  is 


foW  =5.05*  CJ-™ 


W 


This  equation  represents  the  addition 
of  a  safety  factor  of  two  to  the  mrnfmnm 
loading  curve,  already  a  conservative 
model.  Thus,  there  should  be  a  high 
degree  of  confidence  in  the  safety  of  the 
predictions  by  this  modef.  This  new  equa- 
tion was  used  to  reevaluate  the  niters 
within  me  program.  Figure  23  shows  that 
even  with  this  more  conservative  crite- 
rion. 50  percent  of  the  wells  could  oper- 
ate safely  with  a  nine-month  carbon 
replacement  period.  As  this  implies  that 
maintenance  periods  of  different  lengths 
would  be  required,  a  third  and  more  fre- 
quent interval  could  easily  be  added  for 
the  systems  with  excessive  flows. 

The  5-cu-fr  FOE  systems  (Le.,  two 
nominal  2-cu-ft  filters  in  series)  have  not  shown, 
breakthrough  over  the  past  four  years,  whereas  the 
literature-based  loading  curve  predicted  approxi- 
mately 9  percent  of  the  filters  would  fail  with  a  six- 
month  replacement  interval.  So  again  the  rnimmum- 
loading  line  is  probably  conservative,  but  the  moni- 
toring may  have  missed  the  breakthroughs.  Calcula- 
tions for  the  nine-month  replacement  period  pre- 
dicted only  seven  brealoiroughs.  These  foiling  systems 
had  flow  rates  of  >420  gpd  (1.590  L/d).  Thus,  for  this 
size  system,  the  flow  rate  is  also  critical. 


Predicted  pcrfbnxsms*  <rf  the  2-ea-ft  tltitm 


%^^RBp&3?mttif™ 


ConcSosions 

.  Florida's  EDB-fumigant  filter  program  consists  of 
nearly  1,000  POE  GAC  Biter  systems  installed  to  treat 
EX>B-contammated  grotzndwarer.  Because  of  the  rel- 
atively high  cost  of  chemical  analysis  compared  with 
the  cost  of  carbon  replacement,  it  is  more  practical  to 
ensure  safe  water  by  designing  very  conservative  sys- 
tems and  Smiting  rrK>mtoring.  Honda's  FOE  design  cri- 
teria and  six-mouth  maintenance  period  have  been 
very  effective;  there  have  only  been  a  few  recorded 
EDB  brcakrhroughs.  These  premature  breakthroughs 
can  be  attributed  to  excessive  water  use  and  to  des- 
orpdon  induced  by  sharp  variations  in  the  well- water 
EDB  concenrradons. 

All  of  the  wells  in  Florida's  program  were  conta- 
minated with  EDB.  and  12  percent  of  the  wells  also 
contained  DBCP  or  1,2-D.  More  than  76  percent  of 
the  weils  had  average  EDB  concentrations  <1  ug/L, 
and  contamination  with  other  iumigants  occurred 
much  more  frequently  in  the  weUs  with  higher  EDB 
concentrations.  Thus  compentive  adsorption  with 
other  hrmiganrs  should  dot  be  a  problem  in  the  wells 
with  lower  concentrations  of  EDB.  which  are  those 
most  likely  to  have  their  carbon  replacement  period 
extended. 

The  EDB  loadings  from  the  literature  were  very 
consistent.  Because  of  the  well-water  variability,  de- 
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sorption,  and  the  limited  data  available,  the  load 
calculations  for  Florida's  program  had  to  be  conduc 
very  judidously.  Most  of  the  more  reliable  field  d 
were  from  filters  that  had  not  reached  breakthrou 
therefore,  they  underestimate  the  true  loadings  t 
certain  extent.  These  loadings  were  surprisingly  d 
to  a  literature-based  ntiriimum  loading  line. 

Because  these  field  loadings  include  the  effect: 

mass  transfer  resistances  for  filters  of  this  size  5 

coTnpetitive  adsorption  effects,  the  equilibrium  cohn 

model  can  be  safely  used  to  predict  the  performaj 

^of.tiMfilters^wMim  the  program.  Such  an  evali 

.twin  basedon  the  minimum  loading  fine  in  the  lit 

.Jature  is ^  cohserrariye  because  many  more  bre; 

f  throughs  are  predicted  than  have  been  observed  in 

..  field.  Th^'predictioris  showed  that  for  72  perceni 

the  Sites,  the  carbon  replacement  period  could  sai 

be  extended  To  nine  months.  To  greatly  increase  c< 

r  fidence  that  safe  water  is  being  provided,  a  more  a 

servative  loading  curve  was  developed-  It  is  based 

the  lower  95  percent  confidence  limit  of  the  da 

and  it  predicted  that  50  percent  of  the  wells  coi 

safely  undergo  a  change  to  a  nine-month  main 

nance  period.  Most  of  the  remaining  systems  shoi 

retain  the  six-month  maintenance  cydes.  The  p 

dictions  showed  that  excessive  flows  are  the  m; 

reason  that  POB  systems  would  Jail  under  an  exrenc 

carbon  replacement  period.  Flow-restriction  devii 

or  more  frequent  GAC  replacements  are  required 

these  niters. 
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Removing  EDB  from  Drinking  Water 

Cost  and  Performance  of  Carbon  Fitters 


Florida  has  come  a  long  way 
toward  rectifying  the  EDB 
problem  since  it  was  first 
discovered  in  the  state's 
drinking  water  in  1983.  A 
major  contribution  has  been 
granular  activated  carbon 
adsorption. 


Michael  D.  Webb,  P.E. 

Florida  Department  of  Environmental  Regulation 

Ethylene  dibromide  (EDB)  had  been  used  as  an  agricultural 
chemical  more  than  40  years  when  it  was  discovered  in  1983  in 
ground  water  supplies  in  Hawaii.  It  had  been  thought  to  degrade 
rapidly  -when  it  entered  the.  soil  with  no  permanent  detrimental 
effects  to  nearby  ground  water.  After  being  notified  of  the 
discovery  by  Hawaii,  Florida  started  an  EDB  testing  program, 
since  the  chemical  had  been  used  in  abundance  for  control  of 
nematodes  in  citrus,  peanuts,  and  other  crops.  Test  results 
confirmed  its  presence  in  a  number  of  wells. 

An  EDB  task  force,  later  changed  formally  to  the  Ground  Water 
Protection  Task  Force,  was  formed  from  the  Florida  Department 
of  Environmental  Regulation  (FDER)  and  the  departments  of 
Agricultural  and  Consumer  Services,  Transportation,  Health  and 
Rehabilitative  Services,  and  Community  Affairs.  Its  purpose  was 
to  perform  further  extensive  testing  and  determine  ways  to  correct 
the  problem.  State  funding  was  provided  only  in  areas  where  EDB 
bad  beea  applied  by  a  state  agency. 

Testing  of  Wefls        ;   — 

-    The  testing program  included  all  counties.  Samples  were 
collected  mainly  by  the"  County  Health  Units  and  additional 
personnel  hired  by  the  FDER.  Analytical  work  was  performed  by 
the  Department  of  Health  and  Rehabilitative  Services,  the 
University  of  Florida,  and  Florida  State  University."  Approximately 
11,000  wells  were  tested,-  and  about  1300  showed  contamination 
ranging  from  the  detection  limit  of  0.02  micrograms  per  liter  (ug/1) 
to  about-700  rig/1.  Contaminated  wells  were  found  in  22  counties, 
with  the  most  sites  being  in  Polk,  Highlands,  Orange,  Lake/  and 
Jackson  Counties.  Most  of  the  amtaminatecT  wells  served  private    . 
residences,  but  a  Dumber  of  small  public  installations,  and  several 
larger  supplies;  including  Lake  Wales,  Lake  Alfred,  and  Desoto 
City,  were  identified. 

Solving  the  Problem 

The  short  range  solution  to  the  EDB  problem  was  to  provide  an 
interim  source  of  uncontaminated  water  to  the  persons  affected. 
Originally,  bottled  water  was  delivered  and  the  home  owner  was 
informed  of  the  availability  of  an  alternate,  uncontaminated 
source.  If  the  home  owner  were  handicapped  or  otherwise  unable 
to  obtain  water  from  the  alternate  source,  delivery  of  bottled  water 
was  continued. 
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The  long  range  solution,  obviously, 
was  to  remove  EDB  from  the  water 
supply,  or  to  obtain  another  water 
source  that  met  drinking  water 
standards. 

One  approach  was  to  construa  new 
wdls  in  the  same  general  area  but  into 
a  deeper  aquifer.  A  private  firm  was 
contracted  to  construct  12  such  wells 
in  areas  of  contamination.  Unfor- 
tunately, nine  of  the  new  welb  tested 
positive  for  EDB.  The  conclusion  was 
that  this  was  not  a  reliable  method. 

At  this  point  FDER  and  EPA  con- 
tracted jointly  with  a  private  consult- 
ing firm  to  investigate  the  feasibility  of 
removing  EDB  from  water  by  air  strip- 
ping and  granular  activated  carbon  ad- 
sorption (GAC).  We  knew  work  bad 
been  done  in  the  past  using  these 
methods  to  remove  a  variety  of  organic 
chemicals  from  water,  but  we  could 
find  no  data  relating  to  the  removal  of 
EDB.  Both  methods  were  found  to  re- 
duce EDB  significantly — air  stripping 
by  99  percent  and  GAC  by  100  percent 
(Evaluation  of  the  Treatability  of 
Ethylene  Dibromidemd  Dibiromodi- 
loropropane  by  Abated  Carton  and 
Packed  Column  Air  Stripping,  En- 
vironmental Science  and  Engineering, 
Inc.,  Gainesville,  Florida).  Because  of 
the  low  maximum  allowable  concen- 
tration level  of  EDB  set  by  state  drink- 
ing water  standards  (0.02  ng/D,  it  was 
decided  that  GAC  adsorption  would 
be  the  more  suitable  method.     >; 


Small  Whole-House  GAC  Fillers 

The  state  initially  had  to  decide  wheth- 
er to  provide  filters  only  at  the 
homeowners'  drinking  water  taps 
("point-of-use  filter")  or  on  the  well 
pump  (hscharge  ("whole-house  fil-. 
ter").  To  provide  the  maximal  degree 
of  safety  by  eliminating  EDB  exposure 
from  ingestion,  inhalation,  or  dermal 
absorption,  whole-house  filters  were 
chosen.  They  were  installed  on  two  pri- 
vate wells  having  concentrations  of 
about  10  ug/1  and  700  ug/1.  EDB  was 
removed  to  below  the  detection  limit 
in  both  cases. 

Whole  house-filter  design  specifica- 
tions were  developed  from  ffata  collecr- 
ed  from  the  two  test  wells.  Two  final 


designs  were  developed — for  installa- 
tions having  up  to  10  ug/l  contamina- 
tion, treatment  consisted  of  a  single, 
two  cubic  foot  GAC  unit,  cartridge 
prefilter,  and  ultraviolet  (UV)  light 
source;  for  contaminations  greater 
than  10  ug/1,  a  second  GAC  unit  was 
added,  and  in  some  cases  multiple 
units  were  necessary. 

The  final  designs,  installed  on  more 
than  500  private  wells  through  Decem- 
ber 1986,  have  been  operating  effec- 
tively in  most  cases  (removal  to  bdow 
the  detection  limit  of  0.02  ug/1).  In  iso- 
lated instances,  excessive  water  usage 
(severe  fixture  leakage  or  commercial 
use)  has  caused  premature  break- 
through of  the  filters. 

The  carbon  and  0V  units  are  nor- 
mally replaced  every  six  months,  but 
many  of  the  test  cases  were  operated 
without  breakthrough  or  other  prob- 
lems for  nine  months. 

The  cost  of  the  whole-house  filter  is 
about  $1,200  for  the  singJe-GAC  unit 
and  $1,850  for  the  dual  unit.  Annual 
costs  are  about  $620  and  $1080,  respec- 
tively. 

GAC  Filters  lor  Public  Water 
Supplies     tr 

Nine  EDB  removal  facilities  were  con- 
structed for  public  water  supplies.  The 
facilities  varied  in  flow  rate  from  70 
gallons  per  minute  fepm)  to  43  million 
gallons  per  day  (mgd).  Empty  bed  con- 
tact times  ranged  from  about  five  to 
twelve  minutes.  Comprehensive  oper- 
ating data  are  not  yet  available,  but 


preliminary  results  indicate  GAC 
filters  effectively  remove  EDB  from 
these  supplies. 

Larger  installations  are  multiple, 
parallel  tanks,  while  the  smaller  ones 
usually  have  two  filter  tanks  in  series 
and  are  piped  such  that  the  influent 
water  can  he  changed  from  the  ex- 
hausted filter  to  the  partially  used  fil- 
ter while  the  exhausted  filter  is  being 
replaced.  EDB  sampling  intervals 
range  from  monthly  to  once  every 
three  months.  After  more  data  are  col- 
lected, the  intervals  may  change. 

So  fax,  data  adequate  to  calculate 
carbon  usage  rate  have  been  collected 
from  only  one  large  and  one  small  in- 
stallation. The  large  filter  was  a  100 
gpm,  67  cnbie  foot  unit  that  operated 
*44  months  before  breakthrough.  The 
small  filter  was  a  high  usage  rate,  two 
cubic  foot  unit  that  operated  about  one 
month.  The  actual  usage  rates  are 
compared  to  those  calculated  in  the 
laboratory  and  in  a  pilot  plant  study 
in  Table  1. 

All  of  the  filter  units  were  installed 
in  existing  treatment  facilities,  and  the 
required  modifications  and  resulting 
cost  varied  widely.  A  typical  example 
would  be  insufficient  pumping  capac- 
ity at  the  required  discharge  head, 
neccssftaimg  a  new  or  reworked  pump. 
Electrical  wiring,  instrumentation,  and 
other  components  also  may  need  to  be 
reworked.  Capital  and  engineering 
costs  of  several  GAC  installations  are 
compared  m  Table  2. 

Continued  Page  21 
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EDB/rom  Page  11  Table  I.  Carbon  Usage  Rates  for  Adsorption  of  EDE  from  Water. 


Laboratory  Data 


EDB  Influent 
Concentration,  gg/1 

473 
96 
89.7 
45 

4.7 

1 

0.5 
14 


Carbon  Usage  Rate,  . 
poonds/1000  gallons 


PUot  Pbmt  Data 
Aetna!  Operation, 
Large  Filter 
Actual  Operation, 
Small  Filter 

Table  2.  GAC  Costs 

Size  of  Units 


4  at  670  cu  ft,  2.9  mgd  capacity 
6  at  760  cu  ft,  4.3  mgd  capaciry 
2  at  60  en  ft,  100  gpm  capaciry 
2  at  30  cu  ft,  90  gpm  capacity* 
2  at  74  cu  ft,  220  gpm  capacity* 
2  at  24  cu  ft,  70  gpm  capaciry* 
2  ar27  cu  ft,  80  gpm  capacity* 
2  at  32  cu  ft,  75  gpm  capacity  _ 
•Engineering  costs  not  included. 


0.35 

0.154 

0.167 

0.21 

0.077 

0.2 

0.104 

0.47 

Approximate 

Cost  per 

CostS 

MGD  Treatmeat 

590,000 

203,000 

646,000 

150,000 

20,000 

139,000 

15,000 

118,000 

25,000 

110,00 

16,000 

159,000 

16,000 

139,000 

26,000 

243,000 
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2.)  Easiest  to  Apply! 

3.)  LOWEST  "USE"  COST! 
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*(When  used  according  to  Surco's  reoornmenaatsons) 
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Writer's  Dtoea  Dial  Number 


October  27,  1983 

Mr.  Richard  J.  Miltner 

Research  Engineer 

Drinking  Water  Research  Division 

USEPA 

26  Vfest  St.  Clair 

Cincinnati,  OH  45268 

Dear  Mr.  Miltner: 

I  was  pleased  to  talk  with  you  last  Friday  about  Che  work  both  USEPA  and 
Calgon  have  been  doing  to  evaluate  the  removal  of  trace  concentrations  of 
1,2-dibromoethane  (DBE)  from  water  by  activated  carbon  adsorption.   It  was 
gratifying  to  see  how  closely  your  isotherm  data  obtained  with  Calgen 
FS-400  carbon  agrees  with  out  isotherm  data  generated  with  FS-30Q  carbon. 

Figure  1,  attached,  Shows  the  adsorption  isotherm  we  obtained  using  FS-300 
carbon  and  BSE  in  deionized,  distilled  water.  X  have  taken  the  liberty  of 
including  your  FS-400  adsorption  data  for  comparison.  Table  I  shows 
minimum  expected  carbon  uses  for  complete  removal  of  DBE  from  water  in  a 
well  designed  column  adsorber  using  the  isotherm  line  in  Figure  1. 
Table  11  shows  the  results  of  an  Accelerated  Column  Test  we  performed  to 
demonstrate  that  carbon  column"  adsorption  can  achieve  ef finest  DBE 
concentrations  below  0.02  jig/I  (20  ppt).  t1* L  lo!*  '^H^'^SE analyses  vete 
performed  using  a  modification  of  the  California  State  Department  of  Health 
Services  Method  for  the  analysis  of  T^-dibroao-S-chloropropane  (DBCF)  in 
water.  This  liquid-liquid  extraction  method  was  chosen  based  upon  our 
experience  with  DBCP  in  California  end  discussions  I  had  with  USEPA 
analytical  specialist  Bob  Turner r* 

Calgon  looks  forward  to  continued  cooperation  with  USEPA  in  solving  the 
difficult  problems  of  protecting  and  restoring  the  quality  of  our  nation's 
groundwater.  We  are  eager  to  receive  a  copy  of  your  new  paper  on  carbon 
adsorption  isotherms  of  volatile  organic  compounds  &t   low  concentrations. 
Calgon  has  much  valuable  dynamic  column  adsorption  data  for  these  same 
volatile  compounds  in  groundwater  that  may  be  of  interest  to  USEPA. 


Sincerely, 


Danny  z.  ^wercei 
Research  Chemist 


DLM/job 
Attachments 


cc: 


O'Brien 


bcc:   R.  V.  Carrubba 
J.  R,  Mahon 
P.  A.  Reiser 
J.  D,  Sember 


06/07/  9  t>      t'Ki    12  :  4  o  "FAS 


^101! 


MEMO 
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TO  Distribution 

F8GH  j).   L-   Werctr 

SUBJECT  J,2-DIBR0H0ETHAN£   (2THYLSK2PIBR0HIDE) 


WTE     1Q/13/B3 


introduction 

In  response  to  the  concern  over  lev  level  contamination  (20-2D0  ppb)  of 
groundwater  by  the  compound  2,2-dibromoethane  (DBE),  Carbon  RSD  performed 
carbon  adsorption  tests  to  determine:   2)  the  adsorption  capacity  of  FS-300 
Carbon  for  BD£,  and  2)  to  demonstrate  the  feasibility  of  using  FS-300 
Carbon  in  a  column  adsorption  system  to  reduce  the  concentration  of  DBE  to 
leas  than  0.1  ppb  (pg/1). 

SUMMARY  AMD  CONCLUSIONS 

A  0.557  Kg/1  synthetic  solution  of  DBE  was  reacted  with  various  doses  of 
FS-300  activated  carbon  in  sero-headspece  reaction  flasks  to  generate  the 
isothera  shovn  by  Figure  1.  A  0.06  ng/1  (60  ppb)  synthetic  solution  of  DBE 
was  tested  by  the  Accelerated  Column  Test  Co  demonstrate  the  feasibility  of 
using  FS-300  activated  carbon  to  reduce  Che  DBE  concentration  to  less  than 
0.1  ppb  (ug/l).  From  these  testa,  the  following  conclusions  can  be  drawn: 


1.  nti 


2. 


r-hm 


int'Sai 


*■*»  fn.  f  .'*,.«»  1    T.1.U  T  — .-.. 


theoretical  FS-300  Carbon  usage  data  for  complete  removal  of  DBE  from  a 
synthetic  solution.  The  data  show  that  in  the  absence  of  competitive 
adsorption,  the  FS-300  Carbon  use  rates  for  removal  of  DBE  in  a 
properly~designed  column  adsorption  system  are  less  than  0.2  lb/2.000 
gallons  of  vater  treated  for  influent  DBE  concentrations  less  than  0.3 
■g/i  i30u  ppb  J . 

Table  XI  presents  results  from  an  Accelerated  Column  Test  simulating 
the  treatment  of  a  60  ppb  synthetic  DBE  solution  in  a  standard  10  ft  0 
adsorber  containing  20,000  lbs  of  FS-300  Carbon  operated  at  a  surface 
leasing  rate  of  3  gpm/sq  it   and  an  empty  bed  contact  time  of  23 
•inutes.  The  dsts.   shov  thet  the  DBE  concentration  cin  be  cffcctivslv 
reduced  to  less  than  0.1  ppb. 
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TABLE  I 


MINIMUM  THEORETICAL  CARBOK  PSAGE  FOR  COMPLETE 
REMOVAL  OF  1 , 2-DIBRQM0ETHAHE  BY  FS-300  CARBON 


Minimum  Theoretical 

Co 

X/M 
(ng/g) 

Carbon 

Use 

(iag/1) 

(g/l) 

(lb/1,000  Gal) 

O.30O 

15 

0.020 

0.17 

0.200 

13 

0.015 

0.13 

0.1OO 

9 

0.011 

0.09 

0.050 

5 

0.010 

0.08 

0.020 

3 

0.007 

0.06 
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SABLE  II 

ACCELERATED  COLUMN  TEST  SUflJLATIOK  OT   1 .2-PIBROMQETBAME 

REMOVAL  FEDM  A  SYKTHETIC  SOLUTIOK  BY  A  COLUMN  ADSORBER 

OF  TS-300  ACTIVATED  CARBON 


Teit  Conditions  Simulated 


Flow  Rate  -  240  gpa 

Adaorber  Dimensions         -  10  ft  9  *  10  ft  high 

Surface  Loading  Rate       -  3  gpsa/jq   ft 

Carbon  Weight         '•  -  20,000  lba 

Empty  Bed  Contact  Tine  -  23  minutes 


-■ 

DBE  Cone. 

Sample 

(M8/1) 

Feed  #1 

61 

Feed  #2 

60 

Composite  Effluent  #1 

<0.02 

Composite  Effluent  #2 

<0.02 
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Activated  Carbon  Ti 
Restores  Acton  Water  Supply 

District  lost  one  million  gallons  of  water  per  day,  40  percent  of  Its  water 
supply,  when  two  wells  were  found  chemically  contaminated. 


By  John  E.  MacLeod  and  George '  R.  Allan 


■m     JTany  New  England  munidpali- 

PtiyH  tits  have  traditionally  taken 
JLT  JLpride  in  the  fact  that  water 
from  their  gravel-packed  wdls  requires 
no  treatment.  Some  do  not  even  require 
chlorination.  Unfortunately,  die  purity 
of  these  suppliers  has  led  some  commu- 
nities to  place  too  much  faith  in  na- 
ture's ability  to  protect  the  quality  of" 
their  groundwater. 

During  the  past  four  years,  the  dos- 
ing of  more  than  two  dozen  public  wa- 
ter supplies  is  Massachusetts  has  dem- 
onstrated the  sTweepribflity  of  ground- 
water to  conrmmnaTioR.  One  of  the  firs: 
communities  to  be  affected  was  Acton, 
a  town  22  nuTes  west  of  Boston. 

Acton's  water  district  lost  one  million 
gallons  per  day  (mgd),  40  percent  of  its 
water  supply,  in  December  1978  when 
two  wells  were  taken  out  of  service  af- 
ter several  organic  chemicals ; —  includ- 
ing trichloroethytene,  dichlaroettoyiene, 
methylene  chloride,  and  benzene  — 
were  detected.  The  district  removed  the 
wells  from  service  until  the  source  and 
toxicity  of  tbc  contaminants  could  be 
resolved. 

The  two  wells  —  Assabet  No,  1  and 
Assabet  No.  2  —  are  in  the  Sinking 
Pood  aquifer,  which  encompasses  ap- 
proximately 375  acres.  Sixty-five  of  the 
acres  are  owned  by  the  water  district. 
More  than  100  test  wells  penetrated  the 
aquifer's  sand  and  gravel  overburden 
during  various  investigations,  mating  it 
one  of  the  most  studied  aquifers  in 
M  assachusens. 

The  municipal  wells  each  have  a  yield 
of  0.5  mgd.  During  1S>7S,  their  avexacc 
total  monthly  withdrawal  was  37  mil- 
lion gallons.  In  addition  to  these  two 
wells,  the  aquifer  is  the  rite  of  three  in- 
dustrial wens,  pumping  an  average  of  1 1 
million  gallons  per  month.  This  water  is 
used  for  industrial  cooling,  and  is  then 
recyded  back  into  the  aquifer. 

A  year-long  bydrogcological  study 
conducted  of  the  Sinking  Pond  aquifer 


in  1979  determined  the  probable  cause 
of  contamination  to  be  the  waste  dis- 
posal practices  of  a  nearby  chemical 
plant.  The  primary  sources  were  a  land- 
fill aad  several  lagoons  filled  with  liq- 
uid wastes,  located  approximately 
2,500-3,000  feet  north  of  me  municipal 
wells.  The  groundwater  gradient  across 
the  aquifer  slopes  from  norm  to  south. 

The  study  also  delineated  as  exten- 
sive plume  of  contamination  extending 
to  within  1,000  feet  of  Assabet  No.  2, S 
the  weS  dosest  to'  the  chemical  plant. 
Concentrations  of  total  ehi sriuatcd  hy- 
drocarbons in  this  contaminated  plume 
were  as  high  as  10,000  pans  per  billion. 

With  the  need  for  immediate  action  . 
to  meet  the  water  needVof  its  cus-f 
tomers,  the  district  took _the  foB  owing 
approach  to the  problemr  "f  i  r 
v,  O  KawnVirf  the  use"  of  outside  water,  | 
prohibiting  such  activities  as  lawn  wa- . 
teringand  car  washing;.;-  -':.[  ,£;.:-::  ; ;-  X^ 

•  initiated  public  education  pro- 
grams promoting  water  conservation,* .  -.. 

•  installed  a  booster  pumping  sta-- 
tion  io  draw  water  from  the  neighbor- . 
ing  town  of  Concord;  and  ';■  \ 

•  initiated  a  maintenance  program 
to  improve  the  efficiency  of  the  remain- 
ing active  wdls. 

The  success  of  these  short-term  pro- 
grams enabled  the  water  commissioners 
to  concentrate  on  two  long-term  goals* 
obtaining  additional  permanent  water 
supplies,  and  restoring  the  Assabet  wells 
to  usable  conditions.  ' 

The  first  step  toward  achieving  the 
goals  was  increasing  funding  for  water 
supply  investigations  from  the  previous 
Sl5,000  annual  appropriation  to  a  range 
of  $75,000  to  5100,000  per  year. 

Investigators  located  three  sites  pro- 
ducing satisfactory  test  results.  The  sites 

Ador.  ussti  two  granular 

activated  carosr.  treatment 

tanks  to  help  restore  Its  weirwaiBr 
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have  an  estimated  combined  safe  yield 
of  1.0  mgd.  The  wells  are  in  North  Ac- 
tor., about  twe  miles  from  the  existing 
distribution  system.  The  district  is  pro- 
ceeding with  the  acquisition  of  approxi- 

.tely  65  acres  ar  the  three  sites. 

The  board  of  water  commissioners 
also  took  other  actions  to  ensure  an.  ad- 
equate writer  supply.  The  board  ob- 
tained voter  approval  to  fund  a  town- 
wide  hydrogeological  study  to  assist  in 
the  management  and  protection  of  cur- 
rent and  future  water  source  supplies.  A 
five-member  land-water  management 
advisory  committee  was  appointed  to 


assist  the  board  in  studying  the  prob- 

krr;s  frrrr.e  the  district. 

The  district  then  began  investigating 
possible  treatments  for  the  Assabet 
wells.  The  first  step  was  building  a  pilot 
plant  thai  treated  water  from  Assabet 
No.  2,  the  wefl  with  the  higher  level  of 
contarainams.  The  plant  used  granular 
activated  carbon  (GAC)  with  and  with- 
out aeration  to  treat  the  water.  The  in- 
vestigation, which  continued  through 
the  second  half  of  1979,  indicated  the 
GAC  and  aeration  were  effective  in  re- 
moving the  chlorinated  hydrocarbons 
from  the  aquifer. 


During  1980,  the  water  commission- 
ers1 attention  focused  on  the  legal  as- 
pects of  the  contamination.  In  April, 
the  federal  Environmental  Protection 
Agency  Sled  suit  against  the  chemical 
company,  demanding  it  "remove,  neu- 
tralize, or  isolate  all  chemical  wastes 
and  contaminated  soil"  on  its  property. 
This  was  the  first  mil  filed  in  Massa- 
chusetts under  the  federal  Resource 
Conservation  and  Recovery  Act. 

Six  months  later,  the  suit  was  settled 
out  of  court  by  a  consent  decree  under 
which  the  company  agreed  to  develop  a 
plan  to  einn  up  the  aquifer  and  restore 
it  to  usable  conditions.  The  water  dis- 
trict was  not  a  party  in  the  EPA  suit. 

However,  in  October  1980,  the  com- 
misticners  filed  a  33  million  suit  against 
the  chemical  company  based  on  the  Joss 
of  the  two  pubhc  'water  sources  and  the 
contamination  of  the  aquifer.  The  suit 
'  is  pending  in  federal  court. 

During  the  summer  of  1981,  the  dis- 
trict stepped  up  efforts  to  treat  the  As- 
sabet wells.  Representatives  of  the  Cal- 
gon  Corp.,  of  Pittsburgh,  Pennsylva- 
nia, explained  the  use  of  granular  acti- 
vated carbon  for  removing  organic 
contaminants  from  groundwater. 

Calgon  Corp.  conducted  an  acceler- 
ated column  ten  in  the  fall  of  1981, 
showing  that  carbon  treatment  would 
remove  volatile  organic;  to  less  than  de- 
tectable levels — less  than  one  part  per 
billion.  Calgon  proposed  a  full-scale, 
pilot-plant  trial  to  determine  carbon  ex- 
haustion rates  under  actual  field  condi- 
tions. The  study  permitted  the  evalua- 
tion of  the  adsorption  rates  of  volatile 
i  arganics  tmdex  varying  concentrations, 
while  providing  the  district  with  0.5 
mgd  of 'water. 

The  district's  March  1982  annual 
meeting  appropriated  5200,000  to  fund 
the  full-scale  pilot  plant.  The  chemical 
company  offered  to  contribute  5100,000 
of  the  expense,  which  the  district  ac- 
cepted. 

The  full-scale  pilot  plant  was  de- 
signed to  treat  the  a  J  mgd  from  Assa- 
bet No.  1 .  Calgon  was  the  successful 
bidder  to  furnish  two  adsorbers  and 
40,000  pounds  of  GAC.  Water  district 
personnel  in  stalled  the  adsorbers  and 
imerccmnecting  piping  in  a  manner  al- 
lowing the  treatment  of  the  Assabet 
wells. 

The  two  adsorbers  were  piped  in  se- 
ries. This  permitted  evaluation  of  the 
GAC  exhaustion  race  in  the  first  adsor- 
ber, while  the  second  continued  to  pol- 
ish the  effluent. 

The  district  established  a  criterion  for 
the  treated  water:  a  maximum  total  vol- 
atile organic;  content  of  5.0  parts  per 
bunon.  To  monitor  the  quality,  an  ex- 
tensive sampfoag  asud  testing  program 
was  adopted.  Net  only  was  this  carried 
out  by  the  Massachusetts  Department  of 
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Water  Treatment 


The  Cost  of  Acton's 

GAC  Treatment 

Installation  cost 

Foundation  and  sire  work 

S  5,500 

Piping 
(material  only;  labor  by 
district  employees) 

Crane  rental 

20,000 
3,100 

Calgon  set-up 

(including  activated  carbon) 
Miscellaneous 

60,400 

(chemical  feeder,  alarms. 
fence,  etc) 

6,400 

Monthly  operating  cost 

Calgon  rental 
Electricity  for  well  pump 
Sampling  and  testing 

Total 

S93.400 

5  4,545 
1,800 
2,000 

Total 

S  8,745 

Environmental  Quality  Engineering  and 
the  federal  EPA,  but  three  private  firms 
also  were  employed  for  the  task.  At 
least  two  Labs  performed  analyses  on 
samples  taken  weekly  from  the  rnflnsnr, 
the  effluent  from  each  of  the  adsorbers, 
and  samples  from  several  outlying 
monitoring  wells. 

Construction  started  in  May  1982 
and,  by  June,  ■water  from  Assabet  No. 
1  was  pumped  through  the  adsorbers. 
During  the  first  two  weeks  the  system  . 
was  in  operation,  the  effluent  was  dis- 
charged into  the  Sulking  Pond  aquifer. 
After  Laboratory  testing  confirmed  the 
treated  water's  purity,  approval  was 
granted  in  July  J  982  to  put  Assabet  No. 
I  back  into  the  municipal  system — after 
its  3 '/4 -year  absence.  Now,  the  water  is 
fluoridated  prior  to  GAC  treatment 
and,  after  treatment,  is  chlorinated  to  a 
0.25  mg/L  residual. 

Early  tests  showed  the  raw  water 
pumped  from  the  well  did  not  contain 
any  detectable  level  of  volatile  organic 


contaminants.  This  was  expected,  be- 
cause the  normal  groundwater  flow 
pattern  in  the  aquifer  under  non-pump- 
ing conditions  would  carry  the  plume  of 
contamination  past  this  well.  Pumping. 
however,  was  expected  to  eventually 
draw  contaminated  water  into  the  welL 
A  second  reason  for  the  lack  of  mea- 
surable contamination  was  the  inter- 
cepting effect  of  the'  pumping  of  Assa- 
bet No.  2,  which  was  being  piped  to 
Smiting  Pond  by  the  chemical  company 
as  part  of  its  pumping  test  of  the  aqui- 
fer. 

After  one  month  of  pumping,  the 
first  chlorinated  hydrocarbons  were  de- 
tected in  the  raw  water.  The  two  pri- 
mary contaminants  were  1,1,1  tricblo- 
roethane  and  1,1  dichloroethylene. 
Contaminant  concentrations  continued 
to  increase  for  the  testing  duration, 
reaching  a  level  in  excess  of  150  parts 
per  billion. 

Contamination  levels  exceeding  the 


water  district's  standard  of  5.0  parts  per 
billion  for  total  volatile  organics  were 
not  measured  in  the  effluent  from  the 
first  adsorber  until  after  27  weeks  of 
continuous  nse.  During  this  period,  th 
GAC  in  the  adsorber  bad  treated  a  to 
of  88  million  gallons  of  water. 

The  average  influent  concentrations 
of  tricaloroethane  and  dirhtnroethylene 
were  40  parts  per  billion  and  1 .5  parts 
per  billion,  respectively.  Under  these 
conditions,  carbon  usage  at  the  pilot 
plant  was  0.34  pounds  per  1 ,000  gallons 
of  treated  water. 

Final  treatment  costs  cannot  be  es- 
tablished until  [he  raw  water  quality 
stabilizes.  Factors  affecting  the  cost  of 
treating  water  with  GAC  include  the 
types  and  concentrations  of  contami- 
nants in  the  influent,  the  flow  rate,  and 
the  effluent  criteria. 

This  pilot  plant  demonstrated  GAC 
could  effectively  remove  contaminants 
in  the  concentrations  found  in  the  Sink- 
ing Pond  aquifer. 

Yet,  raw  water  contamination  levels 
continued  to  increase.  The  district  eval- 
uated air  stripping  in  packed  cowers  as 
a  prctrcatment  to  extend  the  life  of  the 
GAC  In  early  3983,  the  district  voted 
to  make  a  carbon  installation  perma- 
nent, and  to  develop  and  install  an  aer- 
ation system.  In  addition,  the  district 
appropriated  $11,000  to  purchase  a 
portable  gas  chromaiograph.  This  in- 
strument win  augment  the  present  sam- 
pling program  and  monitor  water  qua! 
ity  at  other  wells. 

Acton's  approach  to  combat  contam- 
ination and  manage  groundwater  re- 
sources is  a  model  for  communities  fac- 
ing stmuar  problems.  Until  now,  finan- 
cial considerations  usually  prompted 
municipalities  to  seek  ahrrnatrve  water 
sources  instead  of  treating  contami- 
nated existing  supplies.  Acton's  experi- 
ence has  demonstrated  that  treating  wa- 
ter contaminated  by  volatile  orgsntcs  is 
an  economical  and  viable  procedure.  D 


John  E.  MacLeod  is  district  manager  of 
the  Actott  Water  District.  George  R.  Al- 
lan Is  vice  president  of  the  consulting  firm 
of  Dufresne  Hwy.  Inc. 
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Granular  vapor  phase  activated  carbons  for  the  removal  of 
gaseous  contaminants  and  condensible  vapors  from  sas  strea-  ~-. 
have  been  employed  for  many  years.  Considerable  data  c 
be  found  in  literature  on  the  adsorption  of  specific  gases  and 
vapors;  and  proven  methods  exist  for  the  design  of  columns 
for  continuous  gas  purification  and  solvent  recovery. 

Granular,  regenerable  activated  carbons,  for  the  removal  of 
soluble  colorants  and  contaminants  from  liquids,  are  of  recent 
origin-  Most  of  the  published  data  in  the  field  of  liquid  phase 
activated  carbon  adsorption  are  applicable  only  to  pulverized 
carbon  in  batch  systems.  A  sound  method  for  predicting  the 
general  performance  of  granular  carbon  in  columns  from 
batch  data  is  not  available  at  this  time.  Consequently,  until 
valid  mathematical  data  can  be  established,  each  new  applica- 
tion for  granular  carbon  must  be  considered  individually.  This 
discussion  is  primarily  concerned  with  descriptions  of  the  lab- 
oratory procedures  that  we  have  found  most  valuable  for 
obtaining  preliminary  column  design  data  for  use  of  granular 
activated  carbon  in  liquid  phase  applications. 

Whether  granular  activated  carbon  is  being  considered  for 
a  new  application  or  for  the  replacement  of  a  pulverized  car- 
bon system,  it  is  essential  to  determine  its  efficiency  and  the 
related  advantages  for  the  specific  application.  A  complete 
laboratory  investigation,  in  general,  would  consist  of  two 
parts.  First,  preliminary  tests  would  be  performed  to  demon- 
strate the  feasibility  of  granular  carbon  treatment.  Secondly, 
laboratory  column  tests  would  be  made  to  obtain  operating 
capacities  as  well  as  plant  column  design  data. 

Depending  on  the  amount  of  background  knowledge  av; 
able,  the  preliminary  tests  will  in  some  cases  be  unnecessary. 
Let  us  assume,  however,  for  the  sake  of  discussion,  that  we 
are  dealing  with  an  application  about  which  little  is  known, 
and  consider  first  the  preliminary  investigation.    - 


ADSORPTION  ISOTHERMS 
Theory 

A  relatively  simple  method  of  investigation  is  available  con- 
cerning the  feasibility  of  column  treatment  with  granular  acti- 
vated carbon  for  a  particular  application — that  is  by  inspec- 
tion of  the  decolorization  or  adsorption  isotherm.  A  liquid 
phase  isotherm  shows  the  distribution  of  adsorbate  between 
the  adsorbed  and  the  solution  phases  and  is  a  plot  of  the 
amount  of  impurity  adsorbed  against  the  amount  of  impurity 
remaining  in  solution.  In  the  case  of  liquid  phase  applications, 
we  can  generally  obtain  straight  line  plots  by  making  use  of 
the  empirical  Freundlich  equation  which  relates  the  amount 
of  impurity  in  the  solution  phase  to  that  in  the  adsorbed  phase 
by  the  expression: 

x/m  =  kc'*0 

where       x  =  amount  of  color  adsorbed 
m  =  weight  of  carbon 
x/m  —  concentration  in  the  adsorbed  state  (i.e..  t*1* 
amount  of  color  adsorbed  per  unit  weight       J 
carbon) 
c  =  equilibrium  concentration   in   solution   after 

adsorption 
k  and  n  are  constants. 

Taking  logs  of  both  sides: 

log  x/m  =  log  k  -f  */n  log  c 


which  is  the  equation  of  a  straight  line  whose  slope  is  '/n  and 
whose  intercept  is  k  at  c  =  1 .  Therefore,  if  x/m  is  plotted 
against  c  on  log-log  paper,  a  straight  line  should  be  obtained. 
f"*Ms  is  true  for  most  of  the  systems  encountered,  primarily 
>^cause  we  are  normally  concerned  with  the  removal  of  low 
concentrations  of  contaminants  or  colorants  and  the  Freund- 
lich  equation  holds  quite  well  for  dilute  solutions. 

Experimental 

Data  for  plotting  isotherms  are  obtained  by  treating  fixed 
volumes  of  the  liquid  to  be  tested  with  a  series  of  known 
weights  of  carbon.  The  carbon-liquid  mixture  is  agitated  for 
a  fixed  time  at  constant  temperature.  After  the  carbon  has 
been  removed  by  filtration,  the  residual  color  of  the  solution 
is  determined.  If  the  impurity  is  colorless,  the  residual  concen- 
tration may  be  measured  by  an  alternative  analytical  method. 
From  these  measurements,  all  of  the  values  necessary  to  plot 
an  isotherm  may  be  calculated. 

SELECTION  OF 
EXPERIMENTAL  CONDITIONS 

Temperature 

If  the  solution  to  be  treated  has  a  viscosity  in  the  vicinity  of 
six  centipoises  or  less,  the  isotherm  tests  may  be  performed 
at  room  temperature.  However,  if  the  liquor  is  more  viscous, 
such  as  a  sugar  syrup,  or  is  solid  at  room  temperature,  such 
as  a  wax,  it  is  necessary  to  increase  the  temperature  to  obtain 
a  liquid  sufficiently  fluid  to  ensure  good  contact  with  the  car- 
bon. A  good  rule  to  follow  is  to  employ  temperatures  no 
jher  than  necessary  to  obtain  the  desired  viscosity  char- 
acteristics. In  many  cases,  temperature  limits  will  be  imposed 
by  the  thermal  stability  of  the  material  being  tested  or  by 
existing  plant  practice. 


Effect  of  pH 

Activated  carbon  may  affect  the  pH  of  a  liquid  it  contacts 
either  by  the  dissolution  of  a  portion  of  its  inorganic  ash  con- 
stituents or  by  the  preferential  adsorption  of  acidic  or  basic 
ingredients  from  the  solution.  Any  effect  of  this  kind  will  be 
greater  at  the  higher  carbon  dosages.  The  final  pH  of  the  solu- 
tion may  affect  the  adsorption  equilibrium  and  in  addition 
may  affect  the  color  of  the  solution.  If  changes  of  sufficient 
magnitude  occur  to  alter  the  color  of  the  solutions,  they 
should  be  adjusted  to  the  same  pH  value  as  the  blank  before 
color  readings  are  obtained. 

Also,  the  pH  of  the  solution  being  tested  may  affect  the 
carbon  efficiency.  Adsorption  of  organic  molecules  is  gen- 
erally more  efficient  at  their  isoelectric  point. 


Particle  Size  of  the  Carbon 

In  a  liquid-phase  application,  the  transfer  of  the  adsorbate 
from  the  bulk  solution  to  the  carbon  particle  must  proceed 
through  at  least  two  stages. 

1 .  Transfer  of  the  adsorbate  molecule  from  the  bulk  liquid 
to  the  surface  of  the  carbon  particle. 

2.  Migration  of  the  adsorbate  from  the  surface  of  the  car- 
bon to  the  adsorption  site  within  the  particle. 

It  is  known  from  kinetic  experiments  that  step  1  is  appreci- 
ably more  rapid  than  step  2  and  the  latter  is  probably  the  rate 
determining  step^  The  rate  of  adsorption  then  will  vary  with 
the  diameter  of  the  carbon  particles  used  in  the  test.  In  order 
to  eliminate  this  variable,  or  at  least  minimize  its  effects,  it  is 
recommended  that  the  granular  carbon  be  pulverized  so  that 
95%  will  pass  through  a  325  mesh  screen. 


Contact  Time 

A  minimum  of  one  hour  is  recommended.  It  is  advisable  to 
perform  a  preliminary  experiment  in  which  fixed  volumes  of 
the  test  liquor  are  contacted  with  a  fixed  weight  of  carbon  for 
one,  two,  three  and  four  hour  periods.  If  per  cent  color  re- 
moval is  plotted  as  a  function  of  time,  a  curve  similar  to 
Figure  1  will  be  obtained.  A  contact  time  sufficiently  long  to 
ensure  a  reasonable  approach  to  equilibrium  should  be  chosen. 


%   Impurity 

Remaining 
100, 


J_ 


1  2 

Contact  Time  (hours) 


Figure  1  —  Contact  Time  Curve 


Carbon  Dosage 

For  preliminary  trials,  dosages  of  0.5,  1.0,  2.0  and  5.0  grams 
per  100  ml.  of  solution  may  be  used.  If  the  five  gram  dosage 
is  not  sufficient  to  effect  the  desired  degree  of  impurity  re- 
moval, higher  dosages  should  be  tried  until  that  degree  is 
attained.  If  on  the  other  hand,  one  of  the  intermediate  dosages 
is  sufficient  to  effect  complete  or  satisfactory  purification  one 
or  two  lower  dosages  should  be  tried.  In  order  to  obtain  a 
satisfactory  isotherm,  as  wide  a  range  of  decolorization  as  is 
practical  should  be  obtained. 


APPARATUS 

Pulverizing 

If  suitable  mechanical  equipment,  such  as  a  laboratory  Ball- 
mill,  is  not  available,  sufficient  pulverized  carbon  for  the  test 
work  can  be  obtained  from  Pittsburgh  Activated  Carbon  Co. 


Carbon  Treatment 

Stoppered  flasks  or  pressure  bottles  serve  as  satisfactory  con- 
tainers for  the  carbon-liquor  mixture.  Manual  agitation  even 
at  frequent  intervals  is  usually  inadequate  and  a  mechanical 
shaker  is  desirable.  If  a  constant  temperature  bath  is  used  the 
design  of  the  shaker  should  be  such  that  it  permits  immersion 


of  the  lower  parts  of  the  containers  in  the  bath,  as  shown  in 
Figure  2.  (A  Burrell  Wrist  Action  Shaker,  Catalogue  No. 
75-775,  has  been  found  quite  suitable  in  our  laboratories.) 


Filtration 

Either  a  laboratory  pressure  filter  similar  to  the  Horm  Model 
No.  1  *(Hormann  and  Company,  Newark,  New  Jersey)  or 
Buchner  funnels  and  filter  flasks  may  be  employed. 


'Asbestos  disks  for  this  pressure  filter  can  be  obtained  from  National  Ahnninate 
Corporation,  Chicago,  Illinois. 


Color  Determination 

Any  reliable  colorimeter  or  spectrophotometer  may  be  used. 
All  readings  should  be  made  at  the  same  wave  length  and 
standardized  to  constant  cell  depth.  Visual  comparison  with 
prepared  standards  is  less  accurate  but  may  be  used  if  suitable 
instruments  are  not  available. 

Additional  Equipment 

In  addition  to  the  above  list,  an  analytical  balance,  an  electric 
drying  oven,  a  pH  meter  or  pH  test  paper  and  a  delivery 
burette  or  graduated  cylinders  are  necessary. 

PROCEDURE 

1 .  Pulverize  a  representative  sample  of  the  granular  carbon 
(a  10-20  gram  sample  is  usually  adequate)  so  that  95% 
will  pass  through  a  325  mesh  screen,  or  use  material  sup- 
plied by  Pittsburgh  Activated  Carbon  Company.  Oven  dry 
the  pulverized  sample  for  three  hours  at  150°C. 

2.  Obtain  a  representative  sample  of  the  liquor  to  be  tested. 
Any  suspended  matter  should  be  removed  by  filtration. 

3.  Transfer  four  different  weights  of  the  oven  dried  pulverized 
sample  to  suitable  containers.  Sample  weights  should  be 
chosen  in  accordance  with  the  suggestions  given  under 
Carbon  Dosase. 


4.  To  one  container  add  100  ml.  of  test  liquor  from  a  delivery 
burette  or  graduated  cylinder,  and  clamp  the  container  on 
the  shaker.  If  a  constant  temperature  bath  is  used,  the 
shaker  should  be  so  designed  to  permit  immersion  of  ": 
lower  part  of  the  container  containing  the  carbon-liqu<_.« 
mixture  in  the  bath.  Agitate  the  mixture  for  the  chosen 
contact  time.  The  bottles  may  be  filled  and  placed  on  the 
shaker  at  ten  or  fifteen  minute  intervals  to  give  the  analyst 
sufficient  time  to  filter  each  sample  immediately  after  the 
contact  time  has  elapsed  and  to  determine  the  residual 
color  or  concentration.  The  same  volume  of  liquor  should 
be  added  to  a  container  without  carbon  and  subjected  to 
the  same  procedure  in  order  to  obtain  a  blank  reading. 

5.  After  the  chosen  contact  time  has  elapsed,  filter  the  con- 
tents of  the  flask  through  either  a  laboratory  pressure  filter 
fitted  with  an  asbestos  disk  or  through  a  Buchner  funnel 
containing  a  filter  paper  inserted  in  a  filter  flask  connected 
to  vacuum.  It  is  desirable  to  discard  the  first  and  last  por- 
tions of  the  filtrate  and  save  only  the  middle  portion  for 
analysis.  The  blank  should  be  filtered  in  the  same  manner 
as  the  other  samples. 

6.  Determine  the  color  of  the  filtrate  by  an  accepted  method. 
If  the  removal  of  a  colorless  contaminant  is  being  investi- 
gated, the  residual  concentration  can  be  determined  by  an 
alternative  analytical  procedure. 

7.  Tabulate  \ht  data  as  shown  in  Table  I.  The  residual  solu- 
tion color  or  concentration,  c,  is  obtained  directly  from  the 
filtrate  analysis.  The  amount  adsorbed  on  the  carbon,  x,  is 
obtained  by  subtracting  the  value  of  c  from  that  of  c0,  the 
influent  concentration.  Dividing  x  by  m,  the  weight 
carbon  used  in  the  test  gives  the  amount  adsorbed  per  u. 
weight  of  carbon. 

8.  On  log  paper  plot  c  on  the  horizontal  axis  against  x/m  on 
the  vertical  axis  and  draw  the  best  straight  line  through 
the  points,  as  illustrated  in  Figure  3. 

TABLE  I 
TREATMENT  OF  ISOTHERM  DATA 


m 

Weight  of 

Carbon 

(g./I00  mL 

solution) 

c 
Residual 
Solution 
.     Color 

X 

Color  Adsorbed 

x/m 

Color  Adsorbed 

Per  Unit 

Weight 

0 

7.70 



0.05 

3.67 

4.03 

80.6 

0.1 

2.20 

5.50 

55.0 

0.3 

0.87 

6.83 

22.8 

1.0 

0.25 

7.45 

7.5 

Figure  3 — Typical  Decolonization  Isotherm 


Interpretation  of  the  Isotherm 


\  om  the  isotherm  it  is  immediately  apparent  whether  or  not 
ine  desired  degree  of  purification  can  be  attained  with  the 
particular  activated  carbon  tested.  Considerably  more  infor- 
mation can  be  obtained  from  a  more  detailed  examination. 


CALCULATION  OF  ADSORPTIVE  CAPACITY 

If  a  vertical  line  is  erected  from  the  point  on  the  horizontal 
scale  corresponding  to  the  influent  concentration  (c0)  and 
the  isotherm  is  extrapolated  to  intersect  that  line  (Figure  3), 
the  x/m  value  at  the  point  of  intersection  can  be  read  from 


the  vertical  scale.  This  value,  termed 


Vm/C0 


represents  the 


amount  of  impurity  adsorbed  per  unit  weight  of  carbon  when 
that  carbon  is  in  equilibrium  with  the  influent  concentration. 
Since  this  equilibrium  should  eventually  be  attained  during 
column  treatment,  it  represents  "the  ultimate  capacity  of  the 
carbon. 


From  the  value  of 


(=). 


the  capacity  in  terms  of  volume 


of  liquid  treated  can  be  calculated. 
For  complete  decolorization: 

GO. 


vc   = 


.V 


where  Vr 


=  theoretical  volume  of  liquid  decolorized  per 
gram  (or  unit  weight)  of  carbon 

I  —  I      =  capacity  per  gram  (or  unit  weight)  of  carbon 
\    /co        at  the  influent  concentration 

V       =  volume  of  liquid  used  in  the  isotherm  test 
c0       =  influent  concentration 

This  formula  is  only  applicable  when  complete  decoloriza- 
tion is  attained.  When  the  decolorization  is  not  complete  or 
if  it  is  desired  to  calculate  the  volume  of  liquid  decolorized  to 
concentration  c15  the  following  formula  may  be  used. 


V0    = 


_    lm/c0 


cn-c. 


EXAMPLE  OF  CAPACITY  CALCULATIONS 


From  the  example  in  Table  I 


(=)■ 


=   159 


"or  complete  decolorization 

159 
Vc    =  x  100  =  2065  ml./s.  carbon 

7.7 


For  90%  decolorization 
159 


vc     = 


7.70-0.77 


x   100  =  2294  ml./g.  carbon 


From  these  figures,  the  carbon  dosage  required  to  effect  a 
given  degree  of  decolorization  may  be  obtained.  For  example, 
the  amount  of  carbon  required  to  completely  decolorize  one 
liter  of  solution  is 


1 


2065 


x  1000  =  0.48  grams 


COMPARISON  OF  DIFFERENT  CARBONS 

The  performance  of  two  carbons  for  the  same  application  can 
be  conveniently  compared  by  examination  of  the  isotherms 
obtained  under  identical  conditions.  Isotherms  obtained  for 
two  carbons  A  and  B  using  the  same  test  liquor  are  plotted 
in  Figure  4.  The  numbers  adjacent  to  the  experimental  points 
indicate  grams  of  carbon  used  in  the  test. 
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Figure  4  —  Parallel  Isotherms 

The  two  carbons  can  be  compared  at  any  desired  degree  of 
decolorization  by  drawing  a  vertical  line  from  that  concen- 
tration on  the  horizontal  axis  and  reading  the  x/m  values 
corresponding  to  the  points  of  intersection  of  that  line  with 
the  isotherms  on  the  vertical  axis.  Such  a  line  has  been  drawn 
at  95%  color  removal  in  Figure  4  and  the  following  x/m 
values  are  obtained: 

(x/m)  A  =  0.28 

(x/m)B  =  0.52 

The  relative  efficiency  of  carbon  A  with  respect  to  carbon 
B  can  be  calculated  from  the  equation. 

%  Relative  Efficiency  =  (x/m)  \  x  100 

(RE)  - 

(x/m)  B 
In  this  case 

0.28 

%  RE  = x  100  =  53.8% 

0.52 

Parallel  isotherms  were  obtained  in  the  case  illustrated  here. 
Consequently  the  relative  efficiency  will  be  independent  of  the 
decolorization  effected.  If  the  lines  are  not  parallel,  however, 
the  RE  will  vary  with  the  final  concentration  at  which  the 
comparison  is  made. 

It  should  be  emphasized  that  highly  misleading  results  can 
be  obtained  by  making  the  erroneous  assumption  that  two 
carbons  can  be  compared  for  a  granular  carbon  column  appli- 
cation by  comparing  the  decolorizations  effected  by  the  same 
dosage  of  the  two  carbons. 


For  example,  4  grams  of  carbon  B  effects  98.8%  decolor- 
ization.  The  same  amount  of  carbon  A  effects  96%  color  re- 
moval. On  this  basis,  the.  carbons  appear  almost  equally  effi- 
cient. However,  in  a  column  operation  carbon  B  will  have  a 
capacity  almost  twice  that  of  carbon  A  at  any  degree  of  de- 
colorization. 

In  some  cases,  the  isotherms  for  two  carbons  will  cross  as 
illustrated  in  Figure  5. 
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Figure  5  —  Crossed  Isotherms 

Above  the  point  c2  carbon  B  has  a  higher  capacity  than 
carbon  A,  below  this  point  the  reverse  is  true.  Carbon  B 
would  be  preferable  for  column  operation  because  of  its 
higher  capacity  at  the  influent  concentration.  It  should  be 
noted,  however,  that  for  batch  treatment  A  would  be  prefer- 
able. In  general,  the  steeper  the  slope  of  the  isotherm  ex- 
hibited by  a  particular  carbon,  the  greater  will  be  its  efficiency 
in  column  operation.  This  example  illustrates  the  necessity  of 
obtaining  isotherms  that  cover  the  entire  concentration  range 
before  comparing  two  carbons  for  a  particular  application.  . 


NON-LINEAR  ISOTHERMS 

It  was  noted  above  that  straight  lines  are  obtained  when  deal- 
ing with  dilute  solutions.  Several  factors,  however,  may  cause 
departures  from  linearity. 
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Figure  6  —  Non- Linear  Isotherms 
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A  curve  similar  to  that  shown  in  A  (Figure  6)  may  be 
obtained  if  the  solute  is  appreciably  adsorbable  or  if  the  color 
value  of  the  original  solution  is  erroneously  low.  An  errone- 
ously high  initial  concentration  would  cause  the  isotherm  to 
curve  upwards.  These  errors  may  be  due  to  the  concentration 
of  impurity  in  the  blank. 

A  sudden  change  in  slope  illustrated  in  curve  B  would  in- 
dicate that  two  or  more  species  of  color  bodies  are  present 
not  all  of  which  are  equally  adsorbable.  The  apparent  end 
point  indicated  by  the  dotted  line  in  curve  B  would  indicate 
the  presence  of  a  non-adsorbable  impurity.  Where  the  various 
species  do  not  differ  too  greatly  in  adsorbability,"  a  more  grad- 
ual curvature  similar  to  that  shown  in  C  will  be  obtained. 


SUMMARY 

From  an  isotherm  test  one  can  determine  whether  or  not  a 
particular  decolorization  or  purification  can  be  effected  and 
obtain  an  approximation  of  the  ultimate  capacity  of  the  c 
bon  for  that  application.  From  the  capacity  figure  an  estimate 
of  the  quantity  of  carbon  necessary  for  the  treatment  and  con- 
sequently rough  cost  figures  can  be  obtained.  Furthermore, 
isotherm  tests  afford  a  convenient  method  for  comparing  dif- 
ferent carbons  and  for  investigating  the  effects  of  pH  and 
temperature. 

COLUMN  TESTS 

Before  the  column  decolorization  process  can  be  introduced 
into  a  plant  or  even  a  pilot  plant  certain  additional  informa- 
tion must  be  obtained.  The  operating  capacity  as  well  as  the 
optimum  flow  rate  and  bed  depth  must  be  established  in  order 
to  determine  the  dimensions  and  the  number  of  columns  nec- 
essary for  continuous  treatment.  The  flow  rate  and  bed  depth 
necessary  for  optimum  performance  will  depend  upon  the  rate 
at  which  the  impurities  are  adsorbed  by  the  carbon  and  can 
only  be  determined  by  dynamic  column  tests. 

Apparatus 

COLUMNS 

Full  scale  granular  carbon  columns  in  general  contain  beds 
that  are  from  ten  to  thirty  feet  in  depth  and  from  one  to  ten 
feet  in  diameter.  In  the  laboratory  the  diameter  of  the  col- 
umns can  be  scaled  down  to  one  or  two  inches  and  by  3" 
appropriate  reduction  in  flow  rate,  plant  conditions  can 
simulated.  It  is  impossible,  however,  to  extrapolate  the  data 
obtained  from  a  one  or  two  foot  bed  depth  to  determine  per- 
formance in  a  ten  foot  bed  depth.  Consequently,  it  is  highly 
desirable  to  conduct  the  tests  in  columns  that  are  ten  feet  in 
length  and  preferably  longer.  Few  laboratories  can  accom- 
modate ten  foot  columns,  but  this  difficulty  may  be  sur- 
mounted by  using  several  five  foot  sections  connected  in 
series.  This  arrangement  is  in  fact,  highly  desirable,  since 
effluent  samples  can  be  conveniently  collected  from  each  five 
foot  section  and  the  effect  of  bed  depth  can  be  investigated. 

Apparatus  suitable  for  this  type  of  experiment  is  available 
in  almost  any  laboratory  as  indicated  in  the  following  rec- 
ommendations. 

A  typical  arrangement  would 
be  three  glass  or  metal  tubes, 
4  to  5  feet  long,  connected  in 
series;  the  diameter  could  be 
any  convenient  size,  but  no 
smaller  than  1  inch  to  avoid 
excessive  wall  effect.  If  opera- 
tion at  elevated  temperature  is 
desired,  water  jackets,  electrical 
windings,  infrared  lamps  or 
immersion  baths  can  be  used. 

A  column  assembled  from 
Pyrex  giass  pipe  is  shown  in 
Figure  7. 

PUMP 

A  small  pump  capable  of  uniform  delivery-  rates  with  positive 
displacement  from  0.15  to  1.5  gph  is  desired,  e.g.,  a  gear,  dia- 
phragm, centrifugal,  piston-type  or  cam-finger  pump. 


Fieure  7 — Column  Assembly 


CONNECTIONS 

Rubber,  glass,  plastic  or  metal  tubing  can  be  used  depending 
/^jon  the  corrosion  characteristics  of  the  material  to  be  proc- 
'.      jed.  Generally,  rubber  and  glass  tubing  connections  with 

glass  tees  and  pinch  clamps  are  most  convenient. 


ARRANGEMENT  OF  EQUIPMENT 

The  columns  are  mounted  vertically  and  connected  in  series 
for  downflow  operation  as  shown  in  Figure  8.  Provision  must 
be  made  for  taking  samples  between  each  column  so  that  de- 
colorization  can  be  studied  as  a  function  of  bed  depth,  as  well 
as  of  time  and  volume  of  liquor  treated.  The  carbon  bed  is 
retained  by  a  stainless  steel  screen,  glass  wool  or  porous  plate 
at  the  base  of  each  column.  If  desired,  manometers  or  pres- 
sure gauges  can  be  used  to  follow  the  pressure  drop  char- 
acteristics of  the  operation. 


Procedures 

COLUMN  CHARGING 

For  laboratory  tests  in  small  columns  it  is  best  to  soak  the 
required  quantity  of  granular  carbon  to  fill  the  column  in  the 
hot  liquid  to  be  treated,  or  in  hot  water,  to  expel  most  of  the 
air  from  the  carbon.  The  wet  carbon  is  charged  in  small  incre- 
ments to  the  column,  keeping  a  thin  layer  of  supernatant 
liquor  during  charging.  The  feed  liquor  is  then  admitted  to  the 
top  of  the  column  after  filling  the  free  space  with  liquor. 

v  In  some  instances  upflow  operation  is  employed.  In  this 
case  it  may  be  possible  to  load  the  columns  dry  and  pump  the 
solution  upflow  through  the  dry  carbon.  If  too  much  heat  of 
adsorption  is  encountered  so  that  the  solution  becomes  dis- 
colored then  a  suitable  solvent  should  be  used  first. 


Figure  8  — Laboratory  Columns 

uOLUMN  OPERATION 
Temperature 

Since  adsorption  capacity  is  a  function  of  diffusion  rate,  the 
columns  should  be  operated  at  a  temperature  at  which  the 
liquid  approaches  the  fluidity  of  water  and  yet  will  not  de- 
compose or  form  color. 


Flow  Rate 

The  feed  rate  to  be  used  depends  upon  the  diameter  of  the 
tube  which  was  selected  for  the  experiment.  It  has  been  found 
that  feed  rates  of  0.5  to  1.0  gpm./ft.:  of  cross-sectional  area 
are  good  starting  rates  for  most  applications;  thus,  for  pre- 
liminary trials  it  is  recommended  to  begin  at  the  lower  limit 
of  this  range  and  then  later  to  gradually  increase  the  rate  until 
the  quality  of  the  effluent  liquor  is  no  longer  acceptable.  In 
terms  of  column  diameters  normally  used  in  laboratory  work, 
0.5  gpm./ft.:  of  bed  area  is  equivalent  to  the  following  rates 
for  a  given  tube  diameter. 

TABLE  H 


TUBE  DIAMETER 

FLOW  RATE  FOR  0.5  GPM./FT.2 

Inch 

Centimeter 

cc./min. 

gph. 

1 
2 
3 

2.54 
5.08 
7.62 

10.4 
"41.3 
93.5 

0.164 
0.655 
1.48 

Sampling  and  Analysis 

Liquid  is  pumped  through  the  column  system  and  effluent 
samples  are  collected  at  hourly  intervals  or  at  specific  volume 
throughput  intervals. 

TREATMENT  OF  THE  DATA 

If,  for  any  single  column  of  the  system  used  in  the  experiment 
the  per  cent  impurity  remaining  is  plotted  as  a  function  of 
throughput  volume,  a  curve  is  obtained  which  will  vary  in 
form  depending  on  the  nature  of  the  system  under  investi- 
gation. 

Examples  of  such  curves  are  shown  in  Figure  9. 
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Figure  9  —  COLUMN  TREATMENT  OF  SOLUTION 

The  point  at  which  impurity  first  appears  in  the  effluent  is 
termed  the  break-point ,  and  that  part  of  the  curve  between 
the  break-point  and  the  point  where  the  effluent  concentration 
is  the  same  as  the  influent  is  called  the  breakthrough  curve. 

During  the  adsorption  cycle  in  a  column  process,  the  upper 
section  of  the  bed  will  be  saturated  with  impurity,  the  lower 
section  is  still  free  of  impurity  and  between  these  two  extremes 
lies  a  zone  in  which  the  adsorption  is  actually  taking  place 
sometimes  referred  to  as  the  mass  transfer  zone  or  MTZ.  As 
the  column  becomes  saturated  this  adsorption  zone  moves 
downward  through  the  bed  and  can  be  regarded  as  an  adsorp- 
tion wave  front  moving  through  the  column.  The  length  of 
time  required  for  the  appearance  of  the  break-point  and  the 
shape  of  the  breakthrough  curve  provides  an  indication  of  the 
relative  depth  of  the  adsorption  zone.   If  considerable  time 


elapses  before  the  break-point  appears  and  the  breakthrough 
curve  is  sharply  defined  and  steep,  the  adsorption  zone  is  short 
relative  to  the  over-all  bed  depth.  If  on  the  other  hand  break- 
through occurs  almost  immediately,  as  it  does  in  Figure  9  at 
the  shorter  bed  depths,  a  relatively  deep  adsorption  zone  is 
indicated.  The  breakthrough  curves  shown  here  indicative  of 
a  deep  adsorption  zone  were  chosen  deliberately  because  they 
are  typical  of  most  liquid  phase  activated  carbon  column  proc- 
esses encountered  in  practice. 

By  inspection  of  these  curves  the  volume  of  acceptable 
effluent  collected  at  each  bed  depth  investigated  can  be  read 
directly.  Further,  the  carbon  dosage  (pounds  of  carbon  used 
per  unit  weight  or  unit  volume  of  product  treated  for  each  bed 
depth)  can  be  calculated.  From  such  data  one  can  see  im- 
mediately whether  advantages  can  be  gained  from  deep  beds. 

The  effect  of  flow  rate  must  be  considered.  In  general,  in- 
creasing the  flow  rate  will  lengthen  the  adsorption  zone  and 
reduce  the  volume  of  acceptable  effluent  produced  at  any 
given  bed  depth.  The  extent  to  which  this  occurs,  however, 
must  be  determined  by  experiment.  Preliminary  tests  in  five 
foot  beds  will  indicate  whether  the  shape  of  the  breakthrough 
curves  is  markedly  influenced  by  flow  rate.  Tf  marked  changes 
are  not  found  at  a  higher  rate,  it  may  be  desirable  to  deter- 
mine the  complete  breakthrough  curve  in  a  longer  column,  at 
that  rate,  so  that  the  carbon  dosage  can  be  calculated  and 
compared  for  the  two  different  flow  rates. 

Having  established  the  flow  rate,  the  diameter  of  the  col- 
umn or  columns  necessary  to  treat  the  plant  throughput  can 
be  calculated.  From  the  carbon  dosages  calculated  from  the 
breakthrough  curves,  it  will  be  apparent  whether  marked  eco- 
nomic advantages  can  be  realized  from  a  deep  bed,  up  to  the 
limit  investigated  in  the  test.  In  many  cases  this  information 
will  be  sufficient  for  preliminary  plant  design  calculations. 


In  some  cases  the  advantages  of  the  deepest  bed  used  in  the 
test  are  sufficiently  marked  that  the   question   immediately 
arises — what  effect  will  deeper  beds  have?  If  the  data  indicate 
that  deeper  beds  may  be  advantageous  it  is  usually  wise 
consider  countercurrent  application. 


The  carbon  capacity  in  a  system  of  this  kind  can  be  deter- 
mined by  earning  out  the  countercurrent  procedure  in  a  set 
of  laboratory  columns  for  several  cycles.  The  carbon  dosage 
can  then  be  calculated  from  the  weight  of  liquor  processed 
during  each  cycle  and  the  weight  of  carbon  required  to  fill  a 
single  column.  Dosages  determined  in  this  way  can  be  com- 
pared with  those  obtained  for  a  single  column. 

Consider  a  system  in  which  the  liquid  to  be  treated  is  perco- 
lated through  a  series  of  three  columns.  After  a  certain  period 
has  elapsed  the  carbon  in  the  first  column  of  the  series  will  be 
saturated  with  the  particular  colorants  or  impurities  involved 
while  the  second  and  third  columns  are  still  adsorbing  these 
contaminants.  At  this  point  the  first  column  can  be  removed 
from  service  and  a  fourth  column  installed  in  the  number 
three  position.  The  former  second  and  third  columns  now  be- 
come the  first  and  second  in  the  new  series.  This  procedure 
can  be  continued  indefinitely  and  affords  an  excellent  method 
for  utilizing  the  maximum  adsorptive  capacity  of  the  carbon. 

In  conclusion,  it  should  be  emphasized  that  in  many  cases 
there  will  be  a  number  of  different  ways  in  which  a  column 
system  for  a  given  application  can  be  operated.  Unfortunately 
short  cut  methods  for  designing  the  optimum  system  are  r 
available.  The  relative  advantages  of  each  method  can  o~  ' 
ascertained  only  by  carefully  working  through  the  problem, 
keeping  in  mind  the  particular  requirements  of  the  process. 


You  are  encouraged  to  contact  Pittsburgh  Activated 
Carbon  Company  (or  data  prior  to  setting  up  test- 
ing programs.  As  an  experienced  producer  of  Acti- 
vated Carbon  for  over  20  years,  varied  and  exten- 
sive data  is  available  for  use  in  establishing  test 
program  guidelines. 
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Table  3 
Operating  Results — influent  Contaminants  at  mg/l  Levels 
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CALGON  CARBON  CORPORATION  REPORTED 

EXPERIENCE  REFERENCE  JANUARY,  1989 

SITE  IDENTIFICATION! 

Potable  Groundwater  Treatment  System 
Groveland  Well  No.  1 
Grove land,  Aassacbusetts 

SITE  DESCRIPTION? 

In  August,  1986,  Calgoa  Carbon  Corporation  provided  an 
adsorption  system  consisting  of  two  adsorbers  to  be  operated 
in  series  to  treat  contaminated  groundwater  from  Groveland 
Well  No-  1-  The  system  consists  of  two  units,  each 
containing  20,000  lbs.  of  Granular  Activated  Carbon  to  treat 
400.  gpm.   The  system  is  designed  for  series  operation,  either 
unit  which  is  capable  of  being  in  the  lead  or  first  stage 
position.   Each  adsorber  is  also  capable  of  being  backwashed 
in  order  to  maintain  operation  of  the  carbon  on-line  despite 
a  possible  buildup  of  solids. 

The  adsorption  system  was  bid  and  provided  to  Camp,  Dresser  « 
McKee,  Inc.,  who  was  prime  contractor  to  the  US  Environmental 
Protection  Agency  (EPA)  under  provisions  of  an  REM  II  Contract. 
The' Groveland  Wells  (No.  X  and  2)  are  the  sole  source  of 
drinking  water  for  the  town  of  Groveland,  and  upon  detection  of 
contamination  by  trichloroethylene,  1,1,1-trichloroethane, 
1,2-dichloroethylene,  toluene  and  chloroform  were  shut  down  and 
subsequently  identified  as  a  National  Priority  List  Site.  Under 
contract  to  the  EPA,  CDM  provided  for  the  remediation  of  the 
site. 

Calgon  Carbon  bid  the  adsorption  system  to  CDH  in  Aarcb  of  1986, 
and  after  a  brief  delay,  had  the  system  installed  and  operation 
in  August.  The  contamination  at  the  Groveland  Well  No.  1  has 
dropped  significantly  from  design  values,  and  the  current  system 
carbon  usage  rate  is  undetermined. 
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CZLGOH  CARBON  CORPORATION 
EXPERIENCE  REFERENCE 


(CONTINUED) 


REPORTED 
JANUARY,  19B9 


SITE  IDENTIFICATION: 

Potable  Groundwater  Treatment  System 
Groveland  Hell  No.  1 

Groveland,  fitassacftusetts 


SYSTEM  DESIGN  PARAMETERS ; 
System  Design: 
Adsorber  Size: 
GAC  Amount  &  Type; 

Flows 
;   Contact  Times 


Con  taminants  : 
(Design  Basis) 


Performance; 
References: 


2  Adsorbers ,  Series  Operation 

10  ft.  diameter  x  14  ft.  side 

20,000  lb.  Calgon  carbon 
Filtrasorb  300  per  adsorber 

400  gpm 

26  minutes 

(Empty  Bed  or  'EBCT'  basis) 


Tr i chlor oe thylene 

T-l  r  2-Di  chloroethylene 

1 , 1 ,  l-Trichloroet&ane 

Tetrachloroetbylene 

1 , 1-pichlo roe thane 

Toluene 

Total  VOCs 
Trichl or oe thylene 


Mr.  Richard  Christian,  Proj.  Mgr. 
Camp,  Dresser  *  KcRee 
One  Center  Plaza 
Boston,  MA  02108 
(617-742-5151) 


400 

ppb 

100 

ppb 

50 

ppb 

30 

ppb 

10 

ppb 

10 

ppb 

<  5 

ppb 

<2.5 

ppn 

Mr.  James  Cirillo,  Proj 

US  EPA 

JFK  Federal  Building 

Boston,  MA  02203 

(617-565-3715) 


Mgr. 
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CALGON  CARBON  CORPORATION 
EXPERIENCE  REFERENCE 


REPORTED:  August,  1987 
UPDATED:   January,  1992 


SITE  IDENTIFICATION; 

Potable  Groundwater  Treatment  System 

Department  of  Public  Works 

Tovn  of  Marshfield,  Massachusetts 

SITE  DESCRIPTION; 

In  1987,  Calgon  Carbon  Corporation  provided  a  Model  10  Adsorption  System  to 
treat  contaminated  drinking  vater  from  the  Furnace  Brook  No.  1  Veil  located  in 
Marshfield,  Massachusetts.  The  adsorption  system  consists  of  two  adsorbers  to 
treat  up  to  700  gpm  in  a  parallel  operation  {350  gpm  per  adsorber).  The 
adsorbers  may  be  backvashed  from  the  potable  vater  system  if  required.  The 
Model  10  System  is  a  packaged  adsorption  plant,  consisting  of  two  adsorbers  and 
all  system  piping  installed  on  a  steel  skid. 

In  early  1987,  the  Town  of  Marshfield  discovered  that  some  of  their  water  supply 
veils  were  contaminated  with  perchloroethylene,  chloroform  and  toluene.  The  Tovn 
closed  the  contaminated  veils  and  instituted  vater  bans  to  conserve  water  while 
utilizing  uncontaminated  wells.  GHR  Engineering  Associates,  Inc.,  of  Lakeville, 
Massachusetts,  assessed  the  contamination  and  prepared  a  specification  for  a 
granular  activated  carbon  (GAC)  treatment  plant  for  the  Furnace  Brook  No.  1  Veil  . 
site.  Calgon  Carbon  bid  the  treatment  system  to  the  Town  of  Marshfield  on 
April  30,  1987r  and  received  the  Notice  of  Award  on  June  2,  1987- 

The  GAC  system  was  delivered  and  installed  by  Calgon  Carbon  within  four  weeks  due 
to  standard  design  and  modular  construction.  A  booster  pump  was  added  on  the  GAC 
system  effluent  to  allow  direct  discharge^-into  the  potable  vater  distribution 
system.  The  Furnace  Brook  No.  1  Veil  was  put  back  into  operation  by  July  1,  1987. 


SYSTEM  DESIGN  PARAMETERS: 

System  Design: 
Adsorber  Size; 
GAC  Amount  &  Type: 

Flow: 
Contact  Time: 

Contaminants: 
Performance: 

GAC  Usage  Rate: 
Reference: 


2  Adsorbers,  Parallel  Operation 

10  ft.  diameter  x  14  ft.  side 

20,000  lb.  Calgon  Carbon 
Filtrasorb  300  per  adsorber 

700  gpm  (350  gpm  per  adsorber) 

15  minutes 

(Empty  Bed  or  'EBCT'  basis) 

Perchloroethylene  up  to  30  ppb 

PCE,  Chloroform  at 

<1  ppb  (non-detectable) 

0.15  lbs. /I, 000  gallons  (estimate) 

Mr.  Carl  Hillstrom 
Vater  &  Sewer  Supervisor 
Department  of  Public  Works 
870  Moraine  Street 
Marshfield,  HA  02050 
617-83^-5575 


APPENDIX  D 


SELECTED  PARAMETERS  FOR  THE  WASTE  WATER  TREATMENT  SYSTEM 
FILE:  SD-5A.CWD  10-23-1996    07:02:39 

UNIT:  General  specifications 


Wind  velocity  (cm/s  at  10  m)  447 

Wastewater  temperature    (C)  11.7 

Wastewater  flow  rate  (m3/s)  .0284 

total  dissolved  organics  in  (mg/1)  1.2 

inlet  suspended  solids  2.5 

Overall  biorate  (mg/g  bio-hr)  0 

UNIT:  storage  tank 


number  units  in  parallel  1 

Wastewater  temperature    (C)  11.7 

Open  surface  area  of  tank   (m2)  0 

Density  of  liquid  in  tank  (g/cc)  1 

tank  waste  Mwt,  water=18  18 

tank  storage  time  (days)  .035494 

tank  paint  factor  -■-=-  1 

tank  diameter  (m)  4.2672 

tank  vapor  space  height  (m)  2 

diurnal  temp,  change  (°C)  11 

tank  height  (m)  6.096 

oil  in  composite  wastewater  (vol  %)  0 

Recycle  flow  out  of  unit  (m3/s)  0 

INLET  COMPOUND  CONCENTRATIONS 


ETHYLBENZENE  .002  ppmw 

TETRACHLOROETHENE  .0  0114  ppmw 

TOLUENE  .0008  ppmw 

XYLENE  .0  04  ppmw 


INTERMEDIATE  CALCULATIONS   SD-5A.CWD   10-28-1996    07:02:39 


SOURCE :  storage  tank      Version  4 
COMPOUND:  ETHYLBENZENE 

tank  storage  time  (days)  0.0355 

Tank  turnover  factor  0.1696 

Tank  working  loss  (fraction)  0.0245 

Tank  breathing  loss   (fraction)  0.6050E-02 

TOTAL  AIR  EMISSIONS   (g/s)  0.1724E-05 

(Mg/year)  0.5437E-04 

EMISSION  FACTOR   (g/cm2-s)  0.1206E-10 

UNIT  EXIT  CONCENTRATION  (ppmw)  0.1939E-02 


WASTEWATER  TREATMENT  SUMMARY:  ETHYLBENZENE   Version  4 

SD-5A.CWD   10-28-1996    07:02:40 

COMPOUND  PROPERTIES  OF  ETHYLBENZENE  at   25  deg.  C 

Type  of  compound       A  aromatic 

density   (g/cc)  .87 

molecular  weight  106.2 

diffusion  coef.  water  (cm2/s)  .0000078 

diffusion  coef.  air   (cm2/s)  .075 

vapor  pressure  (mm  Hg)  10 

Henry's  law  constant  (atm-m3/mol)  7. 88060 5E -03 

vapor  pressure  temp,  coefficients  6.975 

1424.255 
213.21 

zero  order  biorate  constant  (mg/g-hr)  6  .  8 

first  order  biorate  constant -(1/g-hr)  2.1 

octanol  water  partition  coefficient  3.15 

UNIFAC  code  31=115:0000000 
The  estimated  vapor  pressure  is  9.88  mm  Hg. 


SUMMARY  OF  AIR  EMISSIONS  FROM  UNITS   Version  4 

SOURCE  RATE     Fraction  Fraction     est.  cone 

(grams/sec)    Air  Remaining     (ng/m3) 

storage  tank  1.724077E-06  0.0304     0.9696      0.102E+03 

TOTALS,  ALL  UNITS  1.724077E-06  0.0304     0.9696 

total  fraction  absorbed  0 


INTERMEDIATE  CALCULATIONS   SD-5A.CWD   10-28-1996    07:02:41 


SOURCE:  storage  tank      Version  4 
COMPOUND :  TETRACHLOROETHSNE 

tank  storage  time  (days)  0.0355 

Tank  turnover  factor  0.1696 

Tank  working  loss  (fraction)  0.0559 

Tank  breathing  loss   (fraction)  0.0148 

TOTAL  AIR  EMISSIONS   (g/s)  0.2263E-05 

(Mg/year)  0.7137E-04 

EMISSION  FACTOR   (g/cm2-s)  0.1582E-10 

UNIT  EXIT  CONCENTRATION  (ppmw)  0.1060E-02 


WASTEWATER  TREATMENT  SUMMARY:  TETRACHLOROETHENE   Version  4 


SD-5A.CWD   10-28-1996 


07:02:41 


COMPOUND  PROPERTIES  OF  TETRACHLOROETHENE  at   25  deg .  C 


Type  of  compound 

density   (g/cc) 

molecular  weight 

diffusion  coef.  water  (cm2/s) 

diffusion  coef.  air   (cm2/s) 

vapor  pressure  (mm  Hg) 

Henry's  law  constant  (atm-m3/mol) 

vapor  pressure  temp,  coefficients 


C  chlorinated 

1.624 
165.83 
.0000082 
.072 
19 

.0177003 
6.976 
1386.92 


217.53 

zero  order  biorate  constant  (mg/g-hr)  6 . 2 

first' order  biorate  constant  (1/g-hr)  .68 

octanol  water  partition  coefficient  2 . 6 

UNIFAC  code  2194v000000000 

The  estimated  vapor  diffusion  coefficient  is  .0318  cm2/s 
The  estimated  vapor  pressure  is  18.088   mm  Hg. 


SUMMARY  OF  AIR  EMISSIONS  FROM  UNITS  Version  4 


SOURCE 


RATE     Fraction   Fraction    est.  cone 
(grams/sec)   Air      Remaining     (ng/m3) 


storage  tank 
TOTALS,  ALL  UNITS 
total  fraction  absorbed 


2.263159E-06  0.0699 
2.263159E-06  0.0699 


0.9301 
0.9301 
0 


0.134E+03 


INTERMEDIATE  CALCULATIONS   SD-5A.CWD   10-28-1996    07:02:42 


SOURCE:  storage  tank      Version  4 
COMPOUND:  TOLUENE 

tank  storage  time  (days)  0.0355 

Tank  turnover  factor  0.1696 

Tank  working  loss  (fraction)  0.0218 

Tank  breathing  loss   (fraction)  0.7144E-02 

TOTAL  AIR  EMISSIONS   (g/s)  0.6531E-06 

(Mg/year)  0.2060E-04 

EMISSION  FACTOR   (g/cm2-s)  0.4567E-11 

UNIT  EXIT  CONCENTRATION  (ppmw)  0.7770E-03 


WASTEWATER  TREATMENT   SUMMARY:    TOLUENE      Version   4 

SD-5A.CWD      10-28-1996         07:02:42 

COMPOUND  PROPERTIES  OF  TOLUENE  at   25  deg.  C 

Type  of  compound       A  aromatic 

density   (g/cc)  .87 

molecular  weight  92.4 

diffusion  coef.  water  (cm2/s)  .0000086 

diffusion  coef.  air   (cm2/s)  .087 

vapor  pressure  (mm  Hg)  30 

Henry's  law  constant  {atm-m3/mol)  6.420124E-03 

vapor  pressure  temp,  coefficients  6.954 

1344.8 
219.48 

zero  order  biorate  constant  (mg/g-hr)  73.48 

first  order  biorate  constant  (1/g-hr)  2.4 

octanol  water  partition  coefficient  2.69 

UNIFAC  code  25 : 1<000000000 
The  estimated  vapor  pressure  is  28.348  mm  Hg. 


SUMMARY  OF  AIR  EMISSIONS  FROM  UNITS   Version  4 

SOURCE  RATE     Fraction  Fraction    est.  cone 

(grams/sec)    Air  Remaining     (ng/m3) 

storage  tank  6.531052E-07  0.0287     0.9713      0.386E+02 

TOTALS,  ALL  UNITS  6.531052E-07  0.0287     0.9713 

total  fraction  absorbed  0 


INTERMEDIATE  CALCULATIONS   SD-5A.CWD   10-28-1996    07:02:43 


SOURCE :  storage  tank      Version  4 
COMPOUND:  XYLENE 

tank  storage  time  (days)  0.0355 

Tank  turnover  factor  0.1696 

Tank  working  loss  (fraction)  0.0209 

Tank  breathing  loss   (fraction)  0.4356E-02 

TOTAL  AIR  EMISSIONS   (g/s)  0.2862E-05 

(Mg/year)  0.9025E-04 

EMISSION  FACTOR   (g/cm2-s)  0.2001E-10 

UNIT  EXIT  CONCENTRATION  (ppmw)  0.3899E-02 


WASTEWATER  TREATMENT   SUMMARY:    XYLENE      Version   4 

SD-5A.CWD       10-28-1996         07:02:44 

COMPOUND  PROPERTIES  OF  XYLENE  at   25  deg.  C 

Type  of  compound       A  aromatic 

density   (g/cc)  1.02 

molecular  weight  106.2 

diffusion  coef.  water  (cm2/s)  9.34E-06 

diffusion  coef.  air   (cm2/s)  .0714 

vapor  pressure  (mm  Hg)  8  .  5 

Henry's  law  constant  (atm-m3/mol)  5. 25000 5E -03 

vapor  pressure  temp,  coefficients  6.68822 

1573.076 
273.16 

zero  order  biorate  constant  (mg/g-hr)  40.8 

first  order  biorate  constant  (Ir/g-hr)  1.8 

octanol  water  partition  coefficient  3.15 

UNIFAC  code  24  :2<000000000 

The  estimated  vapor  pressure  is  25.764  mm  Hg. 

den  df  A  dl  cor  dv  cor  a  vpbp 

SUMMARY  OF  AIR  EMISSIONS  FROM  UNITS   Version  4 

SOURCE  RATE     Fraction   Fraction    est .  cone 

(grams/sec)    Air      Remaining     (ng/m3) 

storage  tank  2.86183E-06   0.0252     0.9748      0.169E+03 

TOTALS,  ALL  UNITS  2.86183E-06   0.0252     0.9748 

total  fraction  absorbed  0 


WASTEWATER  TREATMENT  SUMMARY  SD-5A.CWD  10-28-1996    07:02:45 

COMPOUND  RATE  Fraction  Fraction  Fraction 

(g/s)  Air  Bio  Remain 

ETHYLBENZENE  0.1724E-05  0.03035  0.00000  0.9696 

TETRACKLOROETHENE  0.2263E-05  0.06990  0.00000  0.9301 

TOLUENE  0.6531E-06  0.02875  0.00000  0.9713 

XYLENE  0.2862E-05  0.02519  0.00000  0.9748 

TOTAL  ALL  COMPOUNDS  0.7502E-05 


Storm  Drain  -  5  Contaminent  Loads 
Design  Flow  rate  =  450gpm 


Wght  Estimate 

Current  Design 

Hot  Spot 

Contaminant 

ppb 

ppb 

ppb 

1 ,2-Dichloroethene 

_ 

- 

1.2 

Benzene 

- 

0.78 

4.5* 

Bis(2-Ethylhexy!)  phthaiate 

- 

- 

20 

EDB 

- 

1.1 

0.02* 

Ethylbenzene 

2 

- 

37.5* 

Iron 

243 

243 

- 

Lead 

- 

- 

- 

Manganese 

44 

44 

120* 

Methylene  Chloride 

- 

0.35 

6* 

Tetrachloroethene 

1.14 

- 

0.74* 

Toluene 

.8 

- 

6.61* 

Trichloroethene 

BQL 

3.8 

0.9* 

Xylene 

4 

- 

124* 

'Values  from  groundwaters  that  could  be  drawn  in  by  the  recovery  wells 


10-22-96 
DCB5.doc 


(intentionally  blank) 
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iron  and  manganese  have  long  been 
recognized  as  objectionable  in  municipal  and 
industrial  water  supplies,  causing  taste,  stain, 
color,  and  turbidity  problems.  The  USPHS 
(United  States  Public  Hea/th  Sen/fee)  recom- 
mended limit  for  iron  is  0.3  mg;  for  manganese 
0.05  mg;  and  for  combined  iron  and  manga- 
nese 0.3  mg. 

Methods  for  removal  of  iron  and  manga- 
nese are  dependent  upon  the  comparative  in- 
solubility of  the  hydrated  ferric  and  manganic 
oxides.  Treatment  of  ground  waters  (well 
water)  for  iron  and  manganese  removal  em- 
ploys an  oxidant(s)  to  form  precipitates  and 
filtration  to  remove  the  particulate  matter.1 
This  treatment  is  normally  accomplished  by 


one  of  three  processes  (1)  aeration-filtration, 
(2)  chlorination-ffltratton,  or  (3)  the  Manganex 
Process  {Manganese  Greensand). 

AERATION  FILTRATION 

Aeration-filtration  closefy  parallels  the 
natural  phenomenon  of  oxidation  in  ground 
waters.  The  process  equipment  typically  in- 
cludes an  aerator,  retention  tank  and  filter. 
(See  Figure  1). 

An  aerator  mechanically  brings  the  wa- 
ter in  contact  with  the  atmosphere.  The  oxy- 
gen from  the  atmosphere  reacts  with  the  iron 
and  manganese  in  the  raw  water,  producing 
relatively  insoluble  salts  of  ferric  and  man- 
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FIG.  1 .  Typical  \ low  diagram  of  an  aeration-filtration  system. 
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ganic  oxides.  Oxygen  requirements  to  convert 
iron  from  the  ferrous  to  the  ferric  state  are  low, 
being  only  0.14  mg  of  oxygen  for  each  1.0  mg 
of  iron.  The  rate  of  reaction  is  dependent  upon 
p,the  rate  being  more  rapid  at  higher  pH's.  For 
most  waters  a  50%  saturation  of  dissolved 
oxygen  is  adequate  to  complete  the  reaction. 

Aeration  also  reduces  the  free  carbon 
dioxide,  methane  and  hyddrogen  sulfide. 
Sulfide  removal  is  limited  by  the  relatively  high 
pH  levels  normally  encountered  in  ground 
water.  If  complete  removal  is  required,  the  pH 
of  the  water  must  be  in  the  range  of  4  to  5  and 
be  followed  by  chlorination  or  potassium  per- 
manganate feed,  fn  such  cases  it  is  necessary 
to  supersaturate  the  water  with  air. 

Dissolution  of  oxygen  and  expulsion  of 
gases  may  be  accomplished  by  various  aera- 
tion devices  such  as  Induced  Draft,  Forced 
Draft,  Cascade,  Coke  Tray,  and  Tray  Aera- 
tors. Common  to  all  these  units  is  the  expo- 
sure of  drops  of  water  to  the  atmosphere. 
(Consult  Roberts  Filter  Manufacturing  Co.  or  a 
Roberts  Representative  for  appficatfon,  siz- 
ing, and  selection). 

To  allow  sufficient  reaction  time,  and 
also  to  provide  a  wet  well,  aerators  are  nor- 
mally followed  by  retention  tanks.  Detention 
time  requirements  vary  from  20  minutes  to  3 
hours,  depending  upon  characteristics  of  the 
raw  water.2  Retention  tanks  also  $erve  as  an 
application  point  for  chemical  additives  such 
as  chlorine,  lime,  or  caustic  soda.  Treated 
water  is  then  pumped  from  the  retention  tank 
through  pressure  filters.  If  total  iron  and 
manganese  concentration  in  the  raw  water 
exceeds  7.0  mg,  to  reduce  filter  loading,  con- 
sideration should  be  given  to  a  sedimentation 
basin  (gravity  clarifier)  with  sludge  collection 
and  removal  facilities  rather  than  a  simple 
retention  tank. 


Iron  and  manganese  removal  filters  are 
normally  of  the  pressuretype.  The  filter  media 
is  either  filter  sand  or  a  dual  bed  of  anthracite 
and  filter  sand.  The  choice  of  media  is  deter- 
mined by  bed  loading  requirements.  In  cases 
where  iron  and  manganese  concentrations 
are  low  (1 .5  mg  or  less),  normally  filter  sand  is 
sufficient.  However,  when  maximum  efficiency 
in  bed  loading  is  required,  dual  media  should 
be  employed.  (See  Roberts  Technical  Bulletin  7002) 

CHLORINATION  FILTRATION 

This  process  utilizes  chlorine  (either  gas 
or  hypochlorites)  as  the  oxidizing  agent.  The 
process  equiipment  norrmally  consists  of  a 
chemical  feed  system  and  filters.  (See  Fig.2) 

Chlorine  is  injected  into  the  raw  water 
feed  line  as  dose  to  the  well  pump  as  possible 
to  obtain  maximum  contact  time  (a  minimum 
contact  time  of  20  seconds  is  required).  In 
order  forthe  reactiontotake  place  the  chlorine 
mustfifst  react  with  watertoform  hypochlorous 
acid,  the  active  oxkfizing  agent.  The  hy- 
pochlorous acid  reacts  with  the  soluble  iron 
and  manganese,  producing  the  respective 
insoluble  oxides* 

The  theoretical  amount  of  chlorine  re* 
quired  to  oxidize  1.0  mg  of  soluble  iron  is  0.66 
mg.  In  practice,  however,  more  than  theoreti- 
cal quantities  are  applied.  The  oxidation  reac- 
tions are  dependent  upon,  and  are  more  rapid 
at,  higher  pH  levels.  Alkalies,  such  as  soda 
ash,  caustic  soda,  or  fime  are  used  to  raise  pH 
to  the  desired  level  (see  Roberts  Technical 
Bulletin  900.1). 

To  oxidize  each  1 .0  mg  of  soluble  man- 
ganese theoretically  requires  1 .3  mg  of  chlo- 
rine. As  this  reaction  is  often  slow  and  incom- 
plete, the  chiorination-fiitration  process  is 
normally  applied  to  only  iron  beaing  waters.3 
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FIG.  2.  Typical  flaw  diagram  of  &  chlorination-fittratioa  system. 
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After  chlorination,  and  the  addition  of 
alkalinity  (if  required),  water  is  applied  directly 
to  the  filters  and  the  now  insoluble  iron  is 
removed  by  the  filter  media  Manganese 
removal  is  usually  minimal  (approximately  1 0% 
to  20%)  uniess  unusually  long  contact  Hme  is 
provided.  * 

As  with  aeration-filtration,  the  filter  media 
is  eitherfiftersandorarrthraciteandfiltersand 
In  that  chlorination-filtration  systems  are  usu- 
ally used  for  removal  of  relatively  low  concen- 
trations of  iron  (less  than  2  mg),  filter  sand  is 
often  adequate  to  obtain  desired  service  runs. 

MANGANEX  PROCESS 
(MANGANESE  GREENSAND) 

Tthe  Manganex  Process  (commonly 
called  Manganese  Greensand)  Flow  Diagram 
is  similar  to  that  of  chlorination-filtration  (see 
also  Figure  3).  Equipment  requirements  tor 
both  systems  are  the  same,  that  is,  chemical 
feed  for  oxidation,  pH  adjustment  if  required, 


and  a  filtration  system.  The  disimilarities  are 
the  primary  oxidizing  agent  and  the  filtermedia. 

A  1%  to  4%  solution  of  potassium 
permanganate(KMn04),  a  strong  oxidizing 
agent,  is  fed  upstream  of  1he  filters  to  allow  a  ^ 
minimum  contact  time  of20  to_60seconds.$  ) 
During  this  period,  soldole  iron  ano^manga- 
nese  are  converted  to  the  corresponding  ox- 
ides. These  oxides  are  removed  by  a  effi- 
ciency dual  filter  media  bo6  comosed  of  a  top 
layer  of  anthracite  and  a  tower  layer  of  Manga- 
nese Greensand.  The  majority  of  particulate 
matter  is  removed  in  the  anthracite  bed.  Iron 
and  manganese  not  removed  in  the  anthracite 
bed.  Iron  and  manganese  not  removed  by  the 
anthracite  are  filtered  out  by  the  bed  of  Manga- 
nese Greensand.  The  Greensand  will  also 
remove  small  amounts  of  iron,  manganese 
and  potassiium  permangante  that  remain  in 
the  soluble  form.  This  system  differs  from  a 
normal  dual  bed  in  thatthe  Manganese  Green- 
sand acts  as  a"catalyst"  removing  by  chemical 
as  well  as  physical  means. 
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FIG.  3.   Typical  flow  diagram  of  Manganex  System. 
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Potassium  permanganate  has  been  used 
for  some  time  in  water  treatment  but  has  had 
a  relatively  short  history  as  a  contjnuoousiy  fed 
oxidant  in  pressure  filter  systems.  A  problem 
in  the  past  was  the  necessity  of  accurate 
chemical  feed.  If  too  little  potassium  perman- 
ganate were  fed,  iron  and  manganese  break- 
through would  occur.  If  too  much  were  fed,  the 
KMn04,  which  had  failed  to  react,  would  cause 
a  pink  color  in  the  filter  efluent  This  operating 
problem  was  greatly  reduced  by  Manganese 
Greensand. 

Manganese  Greensand  is  prepared  by 
treating  gfauconite  (natural  zeolite}  with  man- 
ganous  sulphate  and  potassium  permanga- 
nate which  gives  this  media  the  characterists 
of  a  catalyst.  The  treated  Greensand  acts 
(when  used  in  conjunction  with  potassium 
permanganate)  as  a  buffer  zone,  compensat- 
ing tor  both  over  or  under  chemical  feeding. 

StoichiometricaHy,  0.94  mg  of  potassium 
permanganate  is  required  to  oxidize  1 .0  mg  of 
iron,  and  1.95  mg  of  KMn04  to  oxidize  1.0  mg 
of  manganese.  Under  normal  operating  con- 


ditions experienced  in  water  treatment  the 
actual  requirements  are  less  than  these  theo-  x 
reticaJ  dosages.  At  pH  levels  between  7.5  and  ^ 
9.0,  the  reaction  is  complete  anp  rapid.'  The  J 
rate  of  this  reaction  is  very  important  as  this 
process  Is  usually  employed  In  installations 
with i  direct  pumping,  Le.,  from  the  well  through 
the  filters  to  the  distribution  system,  limiting 
contact  time. 

"  As  previous^  dscussed,  chlorine  is  a 
very  effective  oxictentfor  MliAJe  iron.  Accord- 
ingly, both  chlorine  and  potassium  permanga- 
nate are  employed  in  contact  catalyst  filtration 
when  iron  appears  in  significant  concentra- 
tions (typically  greater  than  1.0  mg).  As  most 
potable  water  supplies  are  required  to  chlorin- 
ate for  sterilization,  prechlorination  for  oxida- 
tion of  iron  does  not  increase  the  capital  or 
operating  cost  of  a  water  treatment  plant. 

In  certain  situations  prechlorination  is 
not  practical  because  of  the  presence  of  or- 
ganics,  which  may  form  chloro  derivrtives 
resulting  in  objectionable  tastes  and  odors.  In 
such  cases,  potassiium  permanganate  should 
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be  employed  as  the  so/e  oxidizing  agent  and 
chlorine  should  be  applied  only  afterfiftration.7 

SYSTEM  DESIGN 

General,  iron  and  manganese  removal 
systems  employ  pressure  filters.  Information 
regarding  thse  filters  may  be  found  Roberts 
Technical  Bulletin  700. 

Standard  accessory  components  of  iron 
and  manganese  removal  filters  are: 

1 .  Rotary  media  agitator(forfilters  larger 
than  5*  Dia.). 

2.  Roberts  non-clog  interface  airwash 
I  system  (for  filters  less  than  5*  Dia). 

3.  filter  rate-of-fiow  meterto  indicate  the 
flow  of  water  during  filtering  and/or 
backwashing. 

[         4.  Backwash  rate  -of-flow  control  device. 

5.  Sight  glasses  on  waste  connections  to 
indicate  visual  characteristics  of  waste 
and  rinse  water. 

6.  Sample  cocks  immediately  before 
and  after  filter  media  and  chemical 
feed. 

The  above  are  suggested  to  assure  effi- 
cient long  term  operation. 

Selection  of  the  most  economical  iron 
and/or  manganese  removal  system  is  based 
upon  raw  water  characteristics,  required  eflu- 
ent  quality,  and  cost  analysis  (Table  1).  In 
cases  where  little  is  known  of  the  aquifer,  pilot 
studies  should  be  considered.  Pilot  filter 
systems  are  available  from  Roberts  on  a  rental 
basis  forthe  three  processes  described  in  this 
bulletin.  Data  from  such  test  programs  enable 


the  designer  to  determine  the  best  process  or 
a  particular  project.  Where  pilot  studies  are 
impracticable,  jar  tests  should  be  used. 
(Roberts  will  supply  jar  test  procedure  upon 
request).  Experience,  of  course,  is  the  best 
guide  for  any  particular  area. 

After  a  process  has  been  selected,  the 
proposed  system  must  be  examined  in  terms 
of  chemicalfeed,  hydraulics,  and  backwash 
requirements. 

System  design  should  provide  chemical 
feed  proportional  to  raw  water  flow  rates.  In 
"on-ofT situations  where  single  well  pumps  are 
used,  control  of  the  chemical  feed  systems 
may  be  inter-connected  with  the  well  pump. 
Often,  however,  more  than  one  pump  will  be 
used  producing  varying  flows.  In  such  cases, 
either  separate  chemical  feed  or  each  well 
pump  or  a  variable  chemial  metering  system 
paced  with  the  raw  flow  should  be  employed. 

Afthougnimportanttoallsystems,  chemi- 
cal feed  fe  most  critical  in  the  Manganex  Proc- 
ess. Continued  excessive  feed  will  produce  a  \ 
■fuSy  regenerated  bed  leading  to  leakage  of    ' 
potassium  permanganate  causing  a  pink  tinge   ' 
in  the  fitter  effluent  While  not  as  dramatic  as 
with  the  Manganex  ^Process,  over  or  under 
feeding  will  have  /ejects   on  both  aeration- 
filtration  and  chtorination-filtratjon.  These  ef- 
fects can  range  from  increased  corrosiveness 
to  bad  taste.  Conditions  from  improper  feed 
need  not  be  an  operational  concern  if  dealt 
with  in  system  design. 

In  most  cases,  vertical  turbine  pumps  are 
used  for  well  water  supplies.  This  type  of 
pump  is  ideally  suited  to  this  purpose,  provid- 
ing efficient  service.  Multi-stage  pumps  , 
however,  have  high  shut-off  heads,  often 
exceeding  250  psi.  As  most  filter  and  piping 
systems  are  designed  for  pressures  ranging 
from  75  to  125  psi,  high  pressure  resulting 
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from  dead  ending  can  cause  serious  damages 
to  a  direct  pumping  operation.  Controls  of 
filters,  in  such  systems,  whether  manual  or 
automatic,  should  be  such  as  to  prohibit  dead 
endings.  Continuous  flow  even  during  back- 
wash and  rinse  cycles  is  often  obtainabie  with 
standard  valve  arrangements 

Backwashing  is  a  basic  requirement  to 
all  filtration  systems.  The  supply  of  backwash 
water  for  pressure  type  systems  normally 
comes  from,  either  an  elevated  storage 
tanks(s),  a  hydro-pneumatic  tankfs),  a  back- 
wash storage  tank,  or  fitter  effluent'  Supply 
should  be  provided  to  allow  for  sequential 
backwash  of  fitters  white  maintaining  a  prede- 
termined minimum  storage  capacity.  Storage 
facilities  can  be  minimized  by  prohibiting  back- 
wash during  low  storage' levels  or  by  back- 
washing  during  periods  of  low  demand.  An- 
other means  for  reducing  or  minimizing  stor- 
age requirements  is  by  using  a  bank  of  filters, 
thus  allowing  service  fitters,  not  employed  in 
backwash,  to  furnish  either  backwash  supply 
or  storage  water. " 

OTHER  IRON  AND  MANGANESE 
REMOVAL  SYSTEMS 

Three  iron  and  manganese  removal 
systems  have  been  described  in  this  bulletin. 
C>ther  processes,*  such  as  ion  exchange,  chlo- 
rine dioxide-fiitrationVandpH  adjustment,  have 
also  been  employed,  with  less  frequency  and 
success,  to  achieve  the  same  ends.  These 
systems  are  normally  not  competitive  with 
other  means  of  iron  and  manganese  removal. 
Of  these  latter  three  systems  chlorine  cfioxide- 
fittration  has  had  the  most  success. 

Chlorine  ddioxide  is  considered  a  strong 
oxidizing  agent  which  will  rapidly  react  with 
both  iron  and  manganese.  Chlorine  dioxide  is 
produced  by  reacting  sodium  chlorite  with 
chlorine  in  an  aqueous  media.  This  method 


has  found  limited  application  for  manganese 
removal  as  the  cost  is  generally  prohibitive. 

The  flow  diagram  for  chlorinatlon-filtra- 
tion  {Fig.  2}  is  also  typical  for  chlorine  dioxide- 
filtration. 

SUMMARY 

Effective  and  reliable  iron  and  manga- 
nese removal  systems  are  available  for  treat- 
ing a  variety  of  ground  water  supplies.  The 
selection  of  a  process  is  based  upon  the  evalu- 
ation of  a  number  of  factors  summarized  in 
Table  t. 

Roberts  Filter  Manufacturing  Company 
has  broad  experiences  with  these  processes 
and  has  equipment  and  controls  especially 
designed  for  their  applications.  Additional 
engineering  data,  drawings,  and  cost  esti- 
mates are  available  from  all  Roberts'  Repre- 
sentatives and  Sales  Offices. 


1 )  tren  and  manganese  am  considered  ground  water  supply 

pnMern^aWicuBtisohAteJnwacdmanganasam^occwinvjrlaca 
waters.  TreatmentproceEsasautSnedcnthisrAiUetmem 
pUeafete  to  surface  waters  when  used  in  conjunction  with  floceutation. 
sedimentation,  and  gravity  filtration.  - 

2)  Sedimentatfoftin  varying  degrees  wSloccurinthe  retention 
tank  depending  upon  detention  time.  In  an  cases  provisions  should 
be  made  tor  sludge  removal. 

3)  (Hydrogen  sulfide  removal  of  up  w  5  mg  can  also  be 
realized.  However,  above  tvs  level  economics  normally  indicate 
aeratbn). 

4}  As  mud)  as  3  hours  may  be  required  tor  agnifcsnt 
manganese  pradpita&on. 

SJAfthoogh  the  reaction  fires  normally  tails  within  the  given 
range,  certain  soluble  organic  iron  and  manganese  complexes  re- 
quire as  much  ss  ten  minutes  tor  conversion. 

6)  pH  ferel?  below  7.1  may  cause  defeneration  of  Manga- 
nese Greenland 

7)  (As  with  chlorinatton-fihraJian,  hydrogen  sulfide  removal 
can  be  achieved  with  potassium  permanganate.  Normally  1  mg  of 
H^recf)ires4mgotV<r^0<errf.thete1bTe,isurrecc««xrdcalatriigher 
H.S  concentrations.) 

8)  In  certain  isolated  situations  backwash  with  untreated  raw 
water  is  permbsbla. 
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IRON  REMOVAL  VIA  MANGANESE  GREENSAND  FILTRATION 

iron  and  manganese  are  two  of  the  most  undesirable  constituents  frequently  found  in  ware 
supplies.  Iron  removal  can  be  accomplished  by  treating  the  ferrous  iron  with  various  types 
oxidants  by  various  methods. 

Manganese  greensand  filter  beds  which  are  regenerated  on  a  continuous  feed  basis  with 
potassium  permanganate  (Kmno4)  have  been  proven  to  be  among  the  most  dependable  anc 
cost  effective  methods  used  to  remove  iron  and  manganese. 

This  system  operates  as  a  standard  pressure  filter  system,  with  all  containment  and  control 
advantages,  and  will  remove  trace  amounts  of  iron  up  to  about  5  mg/I.  Water  containing 
higher  amounts  of  iron  is  usually  retreated  prior  to  the  greensand  to  achieve  almost  total 
removal. 

Final  system  design  depends  on  the  total  content  in  the  water  of  other  reduced  state 
elements.  Kisco's  design  will  include  consideration  of  those  conditions  if  known. 

GENERAL 

Manganese  greensand,  used  for  removing  soluble  iron  and/or  manganese  as  well  as 
hydrogen  sulfide  from  well  water  supplies,  is  a  purple-black  filter  media  processed  from 
Glauconitic  greensand. 

CONTINUOUS  REGENERATION 

Continuous  regeneration  operation  is  recommended  on  well  waters  where  iron  removal  is  the 
main  objective  with  or  without  the  presence  of  manganese.  It  involves  the  feeding  of  a 
pre-determined  amount  of  potassium  permanganate  (Kmno4)  usually  in  combination  with 
chlorine  (CI2)  directly  to  the  raw  water  prior  to  the  unit  containing  manganese  greensand. 
The  chlorine  should  be  fed  upstream  of  the  KMn04  with  a  contact  time  of  10-20  seconds  if 
possible.  Sufficient  chlorine  should  be  fed  to  produce  the  desired  residual  in  the  filter 
effluent. 

The  quantity  of  CI2  and  KMn04  required  can  be  estimated  as  follows: 

ppm   CI2       =  ppm   Fe 

ppm    KMn04  =  0.2  x  ppm    Fe  +  2  x  ppm   Mn 

Without  CI2  the  KMn04  demand  can  be  estimated  as  follows: 

ppm    KMn04  =  1  x  ppm   Fe  +  2  x  ppm   Mn 
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SUGGESTED  OPERATING  CONDITIONS 

Backwash  -  The  flow  rate  should  be  sufficient  to  produce  approximately  a  40% 
bed  expansion. 

Capacity  -  This  is  normally  500-700  grains/sq.  ft.  of  bed  area  based  on  potassium 
permanganate  demand.  In  addition  to  the  manganese  greensand  an  anthracite  bed 
with  a  minimum  depth  of  15  inches  is  required.  In  any  case  the  pressure  drop  shoul 
not  exceed  10-12  psi. 

Flow  Rate  -  Normal  flow  rates  with  continuous  regeneration  are  2-5  gpm/sq.  ft.  Higf 
concentrations  of  iron  and  manganese  usually  require  lower  flow  rates  for  equivalent 
run  lengths.  Rates  in  excess  of  5  gpm/sq.  ft.  can  be  tolerated  but  a  pilot  unit  should 
be  operated  to  determine  the  effluent  quality  and  run  length. 

The  run  length  between  backwashes  can  be  estimated  as  follows: 

Example:       What  is  a  run  length  on  a  water  containing  1.7  ppm   iron  and  0.3  ppm 
manganese  at  a  4  gpm/sq.  ft.  operating  rate? 

KMn04  demand  =  (Fe)  1.7  x  1  +  (Mn)  0.3  x  2  or  2.3  ppm 

_  2.3  divided  by  17.1  =0.13  grains/gal.  (gpg) 

700  grains/sq.  ft.  divided  by  0.13  gpg  =  5200  gal/sq.  ft. 

5200  gal/sq.  ft.  divided  by  4  gpm/sq.  ft.  =  1300  min.  =  21.7  hours 

Therefore  the  backwash  frequency  is  approximately  every  20-24  hours  of  operation. 

INTERMITTENT  REGENERATION 

This  method  of  operation  is  recommended  on  well  waters  where  only  manganese  or 
manganese  with  small  amounts  of  iron  is  to  be  removed.  Treatment  involves  the 
regeneration  of  manganese  greensand  with  a  predetermined  amount  of  KMn04  after  a 
specified  quantity  of  water  has  been  processed.  With  this  method  the  pressure  drop  is 
lower  because  the  manganese  is  removed  by  contact  oxidation  on  the  manganese 
greensand.  This  eventually  results  in  a  larger  manganese  greensand  grain  size  and  bed 
growth,  which  can  be  removed  either  physically,  by  backwashing  at  a  higher  rate,  or  by 
sluicing  from  the  bottom  of  the  bed  via  suitable  tank  connection. 
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SUGGESTED  OPERATING  CONDITIONS 

Backwash  Rate  -  This  flow  rate  should  be  sufficient  to  produce  approximately  a 
40%  bed  expansion. 

Regeneration 

KMn04  Dosage  1 .5  -  2.0  oz.  KMn04/cu.  ft. 

KMn04  Solution  Strength  2-4  oz./gallon 

KMn04  Regeneration  Rate  0.25  gpm/cu.  ft. 

KMn04  Regeneration  Time  30  minutes  optimum 

KMn04  Regeneration  Volume  7.5  gal/cu.  ft. 

Rinse  Rate  1  gpm/cu.  ft. 

Rinse  Volume  40  gal/cu.  ft.  or  until  all  traces  of  KMn04  are  gone 

NOTE:  RECYCLE  OF  RINSE  WATER  WILL  CONSERVE  KMn04  AND  RINSE 

WASTE  WATER. 

Capacity  -  300  grains/cu.  ft.   Prechlorination  is  recommended  especially  if  Mn  is 
present. 

Pressure  Drop  -  Maximum  pressure  drop  is  12  psi.  If  this  pressure  differential  is 
reached  before  the  capacity  for  Mn  is  obtained,  manganese  greensand  can  be 
backwashed  without  regenerating. 

Flow  Rate  -  2-5  gpm/sq.  ft.  or  1-2  gpm/cu.  ft.  For  higher  flow  rates  contact  supplier. 

PHYSICAL  CHARACTERISTICS 

Physical  Form  Black,  nodular  granules,  shipped  in  a  dry  form 

Shipping  Weight  85  pounds  per  cubic  foot  net 

Screen  grading  (dry)  1 8  to  60  mesh 

Effective  Size  0.30  to  0.35  mm 

Uniformity  Coefficient  1 .40  to  1 .55 

Suggested  operating  conditions: 

pH  Range  6.1  -  8.5  (See  detailed  information) 

Maximum  Temperature  Above  1 0OoF  contact  supplier 

Maximum  Pressure  Drop  1 2  psi 

Backwash  Rate  See  detailed  information 

Service  Fiow  Rate  See  detailed  information 

Minimum  Bed  Depth  24"  (18*  in  dual  beds) 
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HYDRAULIC  CHARACTERISTICS  i 

Pressure  Drop  -  The  approximate  pressure  drop  for  each  foot  of  manganese  greensar 
bed  depth  on  a  clean  bed  is  shown  in  the  graph.  Pressure  drop  increases  as  run  | 
progresses.  Do  not  exceed  12  psi.  ' 
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Bed  Expansion  During  Backwashing  -  After  each  service  cycle  the  manganese 
greensand  should  be  backwashed  for  8-10  minutes  to  remove  the  suspended  material 
collected  during  the  run.  The  manganese  greensand  should  be  expanded  a  minimum  n 
35%  during  backwash.  The  bed  expansion  characteristics  are  shown  in  the  graph. 
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Raw  waters  having  a  pH  of  6.2  or  higher  can  be  passed  through  manganese 
greensand  without  pH  correction;  waters  having  a  pH  lower  than  6.2  should  be  pH 
corrected  to  6.2  -  6.5  before  passing  through  the  manganese  greensand.  If  a  pH 
higher  than  6.5  is  desired  in  the  water  system,  the  additional  alkali  should  be  added 
after  the  filters  due  to  the  adverse  reaction  (formation  of  a  colloid)  that  sometimes 
occurs  with  the  iron  and  alkali  with  pH  over  6.5. 
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KMn04  Solution  Strength  -  With  continuous  regeneration  operation  the  KMn04  can 
any  concentration  up  to  4  oz/gallon.  See  chart  below  for  solubility  of  KMn04: 

Solubility  of  KMn04  in  Water 

Temperature  oF  Temperature  oC  g./10O  ml.  lb. /gal. 

32  0 

68  20 

104  40 

Removing  Fines  -  Although  the  manganese  greensand  is  thoroughly  washed  before 
shipment,  it  is  recommended  that  before  it  is  put  into  service  the  material  be 
thoroughly  backwashed  and  the  top  layer  of  finer  material  be  removed.  This  is 
especially  important  if  anthracite  is  placed  on  top  of  the  manganese  greensand.  Each 
bag  contains  sufficient  materia!  to  compensate  for  removing  about  1 "  of  finer  materia!. 

Regeneration  -  Although  the  manganese  greensand  is  thoroughly  regenerated  before 
shipment,  it- is  necessary  prior  to  use  to  regenerate  with  potassium  permanganate 
solution  contacting  the  bed  for  approximately  one  hour.  Usually  2  oz.  of  potassium 
permanganate  per  cubic  foot  Is  adequate.  The  filter  must  be  rinsed  of  all  traces  of 
permanganate  after  regeneration. 

Sometimes  during  the  intermittent  regeneration  more  or  less  than  the  equivalent 
amount  of  potassium  permanganate  is  required.  This  is  an  oxidation-reduction 
reaction.  If  there  are  other  reducing  substances  in  the  water  more  permanganate  than 
the  equivalent  amount  may  be  required.  Conversely,  where  there  are  oxidizing 
substances  in  the  water  such  as  oxygen  and/or  chlorine  under  certain  situations  less 
potassium  permanganate  may  be  required.  This  can  best  be  determined  by  close 
surveillance  of  operating  data.  Theoretically  300  grains  of  manganese  is  equivalent  to 
1 .3  oz.  of  potassium  permanganate  per  cubic  foot. 

Permanganate  Detector  -  A  properly  operated  manganese  greensand  filter  should  never 
have  potassium  permanganate  or  "pink  water"  in  the  treated  water  supply.  If, 
however,  it  is  felt  that  insurance  against  pink  water  should  be  provided  use  detectors 
to  signal  an  alarm  or  shut  down  a  system  should  pink  water  be  detected  in  the  treated 
water  supply. 


KISCO  Water  Treatment  Company 

6950  Industrial  Loop'Greendale,  Wisconsin  53129*USA*  41 4-421 -0444*Fax  414-421-1161 


MANGANESE  GREENSAND  FILTRATION 


Continuous  KMn04  Feed  in  Manganese-Greensand  System 
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The  following  chart  may  be  helpful  in  visualizing  a  workable  flow  diagram  for  handling 
iron,  manganese  and  hydrogen  sulfide  removal.  Selection  is  made  on  the  basis  of  the 
total  potassium  permanganate,  demand,  best  determined  at  the  jobsite,  using  a 
KMn04  demand  test  kit.  The  KMn04  demand  also  can  be  approximated  from  a  wateP 
analysis  by  determining  the  sum  of  the  following: 


Iron  (ppm  as  Fe)  x  0.75 
Manganese  (ppm  as  Mn)  x  2.0 
Hydrogen  Sulfide  (ppm  as  H2S) 
Organic  Matter  (ppm  O.M.I.) 


Approximate  KMn04  demand 


Permanganate  Demand  Curve  for  Oxidation  of  Ferrous  Iron. 
12 
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The  potassium  permanganate  demand  may  also  be  calculated  from  the  graphs  showr 
above  which  illustrate  the  relationship4)etweeri. ferrous  iron,  manganous  manganese, 
hydrogen  sulfide  and  potassium  permanganate  demand. 


Oxidation  System  Selection  Chart 


KMn04  Demand 
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0.2  -  5.0  ppm 

0.2  -  5.0  ppm 

5.1  -  15.0  ppm* 
5.1  -  15.0  ppm* 
Over  15  ppm* 


Type  of  Sup 


City  water,  piped-in  supply,  or 
partially  treated  supply. 


Private  well  supply. 

Municipal  supply. 

Private  or  Municipal  supply. 


Type  of  System 
Figure  No.  10 


Private  well  supply  or  municipality        Figure  No.  1 1 
well. 


Figure  No.  12 
Figure  No.  13 
Figure  No.  14 


*  Economic  considerations  dictate  application  of  aerators.  Many  waters  having 
much  lower  than  15  ppm  potassium  permanganate  demand,  justify  aeration  to 
reduce  costs.  Since  approximately  90%  of  the  iron  and  15%  of  the  manganese 
can  be  removed  by  aeration,  thus  reducing  the  permanganate  demand, 
calculation  can  be  made  to  determine  the  estimated  saving.  The  savings  in  many 
cases  will  more  than  pay  for  an  aerator,  especially  where  large  quantities  of 
water  are  to  be  treated. 
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Fig.    10.  System  using  meter-pacea* 
proportional  chemical  feeder. 
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Fig.  12.  System  with  pressure  tonic  for 
increased  contact  time  and^or  sludge  removal. 
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Fig.  13.  System  employing  contact 
basin  and  gravity  settling  zone. 


Permanganate  Demand  Curr*  for  Oxidation 
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Permanganate  Demand  Curve  for  Conversion 
of  Hydrogen  Sulphide. 
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